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A Growth and Yield Model for
Thinned Stands of Yellow-Poplar

BrucE R. KNOEBEL
HAROLD E. BURKHART
DoNALD E. BEck

ABSTRACT. Simultaneous growth and yield equations were developed for predicting basal area

growth and cubic-foot volume growth and yield in thinned stands of yellow-poplar. A joint loss

function involving both volume and basal area was used to estimate the coefficients in the system

of equations. The estimates obtained were analytically compatible, invariant for projection length,

and numerically equivalent with alternative applications of the equations. Given estimates of
basal area and cubic-foot volume from these equations, board-foot volumes can also be calculated.

As an adjunct to the stand-level equations, compatible stand tables were derived by solving for

the parameters of the Weibull distribution from attributes predicted with the stand-level equations.

This procedure for estimating the parameters of the diameter distributions of the stands before

thinning gave reasonable estimates of number of trees, basal area, and cubic-foot volume per acre
by diameter class. The thinning algorithm removes a proportion of the basal area from each

diameter class and produces stand and stock tables after thinning from below that are consistent

with those generated before thinning.

ADDITIONAL KEY WORDS. Liriodendron tulipifera, mensuration, thinning, modeling.

INTRODUCTION

IN THE EASTERN UNITED STATES, yellow-poplar (Liriodendron tulipifera L.) is an
important commercial species that is cut primarily for lumber and veneer. Because
tree size and quality greatly influence yields of these products, thinning is an
important silvicultural tool in yellow-poplar management. Most stands of yellow-
poplar can produce a number of lumber- and veneer-size trees without thinning;
however, thinning concentrates growth on the best and largest trees. Reliable
estimates of stand growth and yield are needed to determine optimal thinning
regimes.

Beck and Della-Bianca (1972) published equations for predicting basal area
growth and cubic-foot volume growth and yield in yellow-poplar stands thinned
to various levels of basal area. However, flexible models that supply information
about the diameter distributions—and hence product distributions—are needed
to better evaluate the effects and results of various thinning options.

The objectives of this study were to develop a growth and yield model for
yellow-poplar that can be used to evaluate thinning options. This model should
be efficient to use and provide detailed information about stand structure. To
accomplish these objectives, we

1. Developed a stand-level model for thinned stands of yellow-poplar, and
2. Derived diameter distributions from predicted stand attributes.

The authors are, respectively, former Graduate Research Assistant (now employed by Eastman
Kodak Company, Rochester, New York); Thomas M. Brooks Professor, Department of Forestry,
Vitginia Polytechnic Institute and State University, Blacksburg, Virginia 24061; and Project Leader,
USDA Forest Service, Southeastern Forest Experiment Station, Asheville, North Carolina 28804.
Manuscript received 22 February 1984.



LITERATURE REVIEW
Stand-Level Models

The first yield predictions in the United States were made using normal yield
tables for natural even-aged stands of a given species. Temporary plots in stands
of “normal” stocking were used to construct these tables through graphical tech-
niques. Volume and yield tables of this type for yellow-poplar in the southern
Appalachians were presented by McCarthy (1933).

MacKinney and others (1937) suggested the use of multiple regression to con-
struct variable-density yield equations. Subsequently, MacKinney and Chaiken
(1939) used a multiple regression analysis to construct a yield prediction equation
for loblolly pine stands. Since that time, many investigators have used multiple
regression to construct stand aggregate growth and/or yield expressions (Schu-
macher and Coile 1960; Coile and Schumacher 1964; Goebel and Warner 1969;
Burkhart and others 1972a, 1972b; and others).

Until the early 1960’s, independent equations were developed to predict growth
and yield, often resulting in inconsistent and illogical results. Buckman (1962)
introduced a model for red pine where yield was obtained through mathematical
integration of the growth equation over time, thus taking into account the logical
relationship which should exist between growth and yield equations. Clutter (1963)
discussed this concept of compatibility between growth and yield prediction in
detail and developed a compatible growth and yield model for natural loblolly
pine stands.

Sullivan and Clutter (1972) refined Clutter’s equations to develop a simulta-
neous growth and yield model for loblolly pine that provided not only analytically,
but also numerically consistent growth and yield predictions. This growth and
yield model has been successfully used for loblolly pine (Brender and Clutter 1970,
Sullivan and Williston 1977, Murphy and Sternitzke 1979, Burkhart and Sprinz
1984), shortleaf pine (Murphy and Beltz 1981), slash pine (Bennett 1970), and
yellow-poplar (Beck and Della-Bianca 1972).

Diameter Distribution Models

Stand yields have also been predicted using diameter distribution analysis pro-
cedures. In such cases it is often assumed that the underlying diameter distribution
of the stand can be adequately characterized by a probability density function
(pdf).

Clutter and Bennett (1965) fitted the beta distribution to observed diameter
frequency data from old-field slash pine plantations, and, from this, developed
variable density stand tables. Bennett and Clutter (1968) used these stand tables
to estimate multiple-product yields for slash pine plantations. The parameters of
the beta distribution that approximated the diameter distribution were predicted
from stand variables (age, site index, and density). The number of trees and volume
per acre in each diameter class were then calculated, and per acre yield estimates
were obtained by summing over the diameter classes of interest.

Following these same procedures, McGee and Della-Bianca (1967) successfully
fitted the beta distribution to describe diameter distributions in even-aged natural
stands of yellow-poplar. From this diameter distribution information, Beck and
Della-Bianca (1970) then obtained yield estimates for even-aged stands of un-
thinned yellow-poplar. A similar approach was used for loblolly pine plantations
by Lenhart and Clutter (1971), Lenhart (1972), and Burkhart and Strub (1974).
In each of these cases, the minimum and maximum diameters defining the limits
of the distributions, as well as the pdf parameters, were predicted from functions
of stand characteristics.



The beta distribution is very flexible in shape and can approximate a wide range
of diameter distributions. In addition, the pdf has finite limits which constrain
all diameters to be within upper and lower bounds. A disadvantage of this dis-
tribution, however, is that the pdf must be numerically integrated to obtain prob-
abilities over various ranges of the random variable, i.e., to obtain the proportion
of trees in each diameter class, as the cumulative distribution function (cdf) does
not exist in closed form.

More recently, the Weibull distribution has been widely applied for describing
diameter distributions. The pdfis flexible in shape, the parameters are reasonably
easy to estimate, and the cdf exists in closed form—a major advantage over the
beta pdf. The Weibull pdf exists in either a two or three parameter form, the three
parameter pdf having the advantage of increased flexibility.

First used as a diameter distribution model by Bailey (1972), the Weibull
distribution has been applied to a wide range of situations. For example, it has
been used to describe diameter distributions in loblolly pine plantations (Smalley
and Bailey 1974a, Schreuder and Swank 1974, Feduccia and others 1979, Cao
and others 1982, Amateis and others 1984), slash pine plantations (Dell and others
1979, Bailey and others 1982), shortleaf pine plantations (Smalley and Bailey
1974b), longleaf pine plantations (Lohrey and Bailey 1976), natural stands of
loblolly pine (Burk and Burkhart 1984), and white pine (Schreuder and Swank
1974). Bailey and Dell (1973) concluded no other distribution proposed exhibited
as many desirable features-as the Weibull.

Given an appropriate density function, Strub and Burkhart (1975) presented a
class-interval-free method for obtaining yield estimates over specified diameter
class limits. The general equation form is given by

V= Nfu g(D)AD) dD
1

where
V = expected stand volume per unit area,
N = number of trees per unit area,
D = dbh,
g(D) = individual tree volume equation,
AD) = pdf for D, and
I, u = lower and upper merchantability limits, respectively, for the product

described by g(D).

Using attributes from a whole stand model and the relationship given by the
class-interval-free equation presented by Strub and Burkhart (1975), Hyink (1980)
introduced a method of solving for the parameters of a pdf approximating the
diameter distribution. The approach was to predict stand average attributes of
interest for a specified set of stand conditions, and use these estimates as a basis
to “recover” the parameters of the underlying diameter distribution using the
method of moments technique.

When constructed independently, even from the same data set, stand average
and diameter distribution models, which give different levels of resolution, do
not necessarily produce the same estimates of stand yield for a given set of stand
conditions (Daniels and others 1979). The advantages of the procedure outlined
by Hyink are ability to partition total yield by diameter class, mathematical
compatibility between the whole stand and diameter distribution based yield
models, and consistency among the various stand yield estimates.

Based on this procedure, Frazier (1981) developed a method to approximate



the diameter distributions of unthinned plantations of loblolly pine from whole
stand predictions of stand attributes using the beta and Weibull pdf’s. Using the
same concept, Matney and Sullivan (1982) developed a model for thinned and
unthinned loblolly pine plantations. Cao and others (1982) used the Weibull
function to derive diameter distributions from predicted stand attributes for thinned
loblolly pine plantations. Cao and Burkhart (1984) used a similar approach with
a segmented Weibull cumulative distribution to derive empirical diameter dis-
tributions from predicted stand attributes for thinned loblolly pine plantations.
Hyink and Moser (1983) extended the idea and developed a generalized framework
for projecting forest yield and stand structure using diameter distributions.

MODEL DEVELOPMENT

Several desirable properties were sought when deriving a growth and yield model
for thinned stands of yellow-poplar. In particular, we wanted the equations to
exhibit analytic compatibility between growth and yield, invariance for projection
length, and numeric equivalency between alternative applications of the equations.
In addition to whole stand volume and basal area, we also wanted to derive stand
tables to provide flexibility for evaluating the full range of utilization options.
Consequently, another goal was to derive stand tables that are compatible with
the whole stand values.

The model for thinned stands of yellow-poplar was developed in two stages. In -
the first stage, equations to predict stand-level attributes were obtained. In the
second stage, stand tables were derived from the whole-stand attributes by solving
for parameters in a theoretical diameter distribution model (in this case the Wei-
bull distribution was used) while ensuring compatibility between the whole stand
and diameter distribution estimates of the stand-level attributes.

Plot Data

Data for this study were collected by the U.S. Forest Service, Southeastern Forest
Experiment Station, from 141 circular, Y-acre plots established in the Appalachian
Mountains of North Carolina (93 plots), Virginia (31 plots), and Georgia (17
plots). The plots contained 75 percent or more yellow-poplar in the overstory,
were free from insect and disease damage, and showed no evidence of past cutting
(Beck and Della-Bianca 1972).

Each plot was thinned (using low thinning) at the time of installation to obtain
a range of basal areas for different site-age combinations. Site index at age 50 was
determined for each plot with an equation published by Beck (1962). Volumes
and basal areas were computed when the plots were thinned and again after five
growing seasons. At the time of initial plot establishment, the stands ranged from
17 to 76 years in age, 74 to 138 feet in site index (base age 50 years), and 44 to
209 sq ft per acre in basal area.

Table 1 shows a summary of the plot data before and after the first thinning
(measure 1), before and after the second thinning (measure 2), 5 years after the
second thinning (measure 3), and 10 years after the second thinning (measure 4).
Basal area and cubic-foot volume growth between the four measurement periods
are presented in Table 2.

Stand-Level Component

When fitting the stand-level components, we used the models of Beck and Della-
Bianca (1972) as a starting point because these models exhibit desirable properties
and they were successfully fitted to the first 5-year growth data from the yellow-
poplar plots. Beck and Della-Bianca fitted the following models (adapted from



Sullivan and Clutter 1972) for prediction of basal area and cubic volume at some
projected age when site index, initial age, and basal area are given:

In(Yz) = by + bi(S™1) + by(4;™") + bs3(4)/4,)In(By)

+ by(1 — A\/Ay) + bs(SX1 — A,/A4) 1)
where
Y, = stand volume per unit area at some projected age, A,
S = site index,
B, = present basal area per unit area, and
A, = present age.

When A, = 4, = A and B, = B, = B, equation (1) reduces to the general yield
model

In(Y) = by + b,(S7") + by(A~") + bsIn(B). 2

The yield prediction model (1) was derived by substituting a basal area pro-
jection equation for the basal area term in the general yield model (2). Therefore,
inserting In(Y,), 4,, and In(B,) into equation (2) and setting the resulting expression
equal to the right side of equation (1) and solving the equality for In(B,) gives the
basal area projection model

In(B,) = (4,/A)In(B,) + (ba/b3)(1 — Ai/A;) + (bs/b3)(SN1 — Ai/4). 3

Beck and Della-Bianca (1972) used ordinary least squares to estimate the coef-
ficients in (1) and substituted the ratios b,/b; and bs/b, as parameter estimates in
the basal area projection equation (3) to ensure that exact numerical equivalency
would result when projecting future volume from (1) and when projecting future
basal area from (3) and solving for future volume by substitution of appropriate
values into (2).

In our analyses, equation (1) was fitted by ordinary least squares to each of the
growth periods and standard F-tests were performed to determine if separate
coefficients were needed for each period or if data from some of the periods could
be combined. From these tests, we determined that two sets of coefficients were
needed—one for the growth period after one thinning and a second for the growth
periods following two thinnings. The second thinning apparently altered stand
structure and vigor so that growth relationships were significantly affected.

After determining that separate coefficients were needed for the growth periods
following one thinning and following two thinnings, final estimates of the param-
eters in the volume and basal area projection equations were computed by using
a simultaneous fitting procedure. This procedure, applied previously by Burkhart
and Sprinz (1984) to data from thinned loblolly pine plantations, involves min-
imizing the loss function:

2, -Y)» 2B - By

F= + 4
2y g @
where
Y;and IE', = observed and predicted volume values, respectively,
B, and B, = observed and predicted basal area values, respectively,

estimates of the variance about the regression lines for volume
and basal area, respectively, computed as the mean square error
from ordinary least squares fits of equations (1) and (3).

3%y and 625



TABLE 1. Yellow-poplar plot data summary.
Time of measure®
and stand Number Minimum Mean Maximum
variable® of plots value value value

Measure 1
Age 141 17 46.9 76
Site 74 107.8 138
Ntb 104 231.8 432
Nta 32 105.1 340
Ntr 12 126.7 312
Bab 44 134.8 209
Baa 25 85.4 153
Bar 2 49.5 137
Cvb 1,336 5,772.2 11,171
Cva 1,106 3,857.8 8,102
Cvr 48 1,881.0 6,275
Bvb 493 18,671.9 55,078
Bva 329 14,418.2 41,140
Bvr 0 4,253.6 27,624

Measure 2
Age 141 22 519 81
Site 74 107.8 138
Ntb 32 105.1 340
Nta 28 83.5 256
Nitr 0 21.6 108
Bab 38 97.4 171
Baa 22 86.0 150
Bar 0 114 36
Cvb 1,224 4,588.7 9,398
Cva 722 4,112.6 8,109
Cvr 0 476.1 < 1,438
Bvb 199 18,221.3 48,852
Bva 198 16,963.7 41,813
Bvr 0 1,257.5 7,039

Measure 3
Age 140 27 57.1 86 -
Site 74 107.7 138
Ntb 28 81.6 256
Nta 28 81.6 256
Ntr 0 0 0
Bab 31 97.6 164
Baa 31 97.6 164
Bar 0 0 0
Cvb 1,222 4,889.9 9,030
Cva 1,222 4,889.9 9,030
Cvr 0 0 0
Bvb 2,018 21,4559 46,742
Bva 2,018 21,455.9 46,742
Bvr 0 0 0

Measure 4
Age 138 33 62.4 91
Site 74 107.6 138
Ntb 28 80.7 248
Nta 28 80.7 248
Ntr 0 0 0



TABLE 1. Continued.

Time of measure*

and stand Number Minimum Mean Maximum

variable® of plots value value value
Bab 40 110.0 178
Baa 40 110.0 178
Bar 0 0 0
Cvb 1,565 5,621.3 10,070
Cva 1,565 5,621.3 10,070
Cvr 0 0 0
Bvb 3,482 25,771.3 51,275
Bva 3,482 25,771.3 51,275
Bvr 0 0 0

a Plot data before and after first thinning (measure 1), before and after second thinning (measure 2),
5 years after second thinning (measure 3), and 10 years after second thinning (measure 4).

b Age = age of stand (years).
Site = site index (feet, base age 50 years).
Ntb = number of trees/ac prior to thinning.
Nta = number of trees/ac after thinning.
Ntr = number of trees/ac removed in thinning.

Bab = basal area (sq ft/ac) prior to thinning.

Baa = basal area (sq ft/ac) after thinning.

Bar = basal area (sq ft/ac) removed in thinning.
Cvb = cubic-foot volume/ac prior to thinning.
Cva = cubic-foot volume/ac after thinning. -

Cvr = cubic-foot volume/ac removed in thinning.
Bvb = board-foot volume/ac prior to thinning.
Bva = board-foot volume/ac after thinning.

Bvr = board-foot volume/ac removed in thinning.

Beginning with coefficients estimates from the ordinary least squares fit of (1),
the coeflicients of models (1) and (3) were adjusted through an iterative process
until F in the loss function was minimized. This process of simultaneously fitting
the two models (with the imposed restriction that the coefficients in the basal area
equation are equal to the appropriate ratios of the volume equation coefficients)
results in a system of equations that are compatible and numerically consistent.
Different weights could be assigned to the two components, but we felt that for
management decisions 1nvolv1ng thinning equal weight should be given to both
volume and basal area projection. The simultaneous estimation procedure is more
statistically efficient (in that the basal area growth information is used in the
fitting) and produces more stable estimates of the basal area equatlon coeflicients
for varying units of measure and merchantability standards in (1) than does the
derivation of coefficients in (3) from the least squares fit of (1) (Burkhart and
Sprinz 1984). The basal area and cubic-foot volume equations from the simul-
taneous fitting procedure and their related fit statistics are presented in Tables 3
and 4. In the evaluation process, current volume yield values (i.e., observations
for which 4, = A, = A) were used in addition to the growth data, thus doubling
the number of yield observations. Due to the model structure, current basal area
values could not be used.

Beck and Della-Bianca (1975) predlcted the ratio of board-foot volume to basal
area using dominant stand height and residual quadratic mean stand-diameter.
In this study, we developed the following equation from the plot data to relate
board-foot volume to stand basal area and cubic-foot volume.



TABLE 2. Summary of basal area and cubic-foot volume growth during the
5-year periods between the four plot measurements.

Growth Minimum Mean Maximum Mean annual
period Variable* value value value growth
5 years Bl 25 85.4 153
after first B2 38 97.4 171
thinning Bg 5 12.0 33 24
Vi 1,106 3,857.8 8,102
V2 1,224 4,588.7 9,398
Vg 318 794.7 1,920 158.9
5 years B1 ) 22 86.0 150
after second B2 31 97.6 164
thinning Bg 4 12.5 32 2.5
Vi 722 4,112.6 8,109
\'p 1,222 4,889.9 9,030
Vg 260 790.7 2,190 158.1
10 years . Bl 31 97.6 . 164
after second B2 40 110.0 178
thinning Bg -1 12.9 26 2.6
Vi 1,222 4,889.9 . 9,030
\'p 1,565 5,621.3 10,070
Vg -61 856.8 1,740 171.4

2 B] = basal area (sq ft/ac) at beginning of growth period.
B2 = basal area (sq ft/ac) at end of growth period.
Bg = B2 — Bl, i.e., 5 years growth.
V1= cubic-foot volume/ac at beginning of growth period.
V2= cubic-foot volume/ac at end of growth period.
Vg= V2 — V1, ie., 5 years growth.

TABLE 3. Simultaneous growth and yield equations® for prediction of total cu-
bic-foot volume and basal area per acre.

In(Y;) = by + b(S™) + by(4;™") + by(A/A)In(B,) + by(1 — A/A)
+ By(SK1 — 4,/4;)
In(B;) = (4/A)In(B)) + (bu/b:)(1 — A/Ay) + (bs/b)SN1 — Ai/AY)

For stands thinned once For stands thinned twice
b, = 5.35740 b, = 5.33115
b, = —102.45728 b, = —97.95286
b, = =21.95901 b, = —25.19324
b, = 0.97473 b, = 0.98858
b, =4.11893 b, = 5.84476
bs = 0.01293 by = 0.00018

* Where
Y, = predicted total cubic-foot volume per acre at projected age, A,.
A, = initial age.
S =site index, base age 50 years (feet)
B, = initial basal area per acre (sq ft).
= predicted basal area per acre (sq ft) at 4,.
In = natural (Naperian) logarithm.




TABLE 4. Fit statistics for evaluating cubic-foot volume and basal area predic-
tion from the simultaneous growth and yield equations.

Number Mean Standard
of Minimum Mean absolute Maximum deviation
obser- residual  residual residual residual  of residual

Equation vations value® value value value values R
Cubic-foot volume 840 —808.91 6.68 156.46 1,250.39 219.74 0.9865
Basal area 419 —13.66 .78 2.90 16.62 3.69 .9860

* A residual value is the difference between the observed and predicted value of the dependent
variable: r,= Y, — Y,
® The R? value was computed as follows:

2
Ri=]— —
> (¥, — ¥y
i=-1
where :
Y, =M™ observed value of the dependent variable.
Y, = i predicted value of the dependent variable.
¥ = mean value of the dependent variable.
r, = i* residual value as defined above in footnote a.
n = number of observations.
BFV = 1363.09165 — 306.96647(B) + 10.26187(CFV)
R?2=0.9730 s = 1785.1 (5)
where
BFV = board-foot volume per acre, International Y%-inch rule, for all trees in
the 11-inch dbh class and above to an 8-inch top diameter (ob) (1-
foot stump).
B = basal area per acre (sq ft) of all stems.
CFV = total cubic-foot volume per acre.
R? = coefficient of determination.
§ = root mean square error.

Given equations for estimating the total stand cubic volume and basal area,
the board-foot volume of a selected portion of the stand according to an 8-inch
top diameter outside bark can be estimated. This approach does not allow suf-
ficient flexibility, however, to account for rapidly changing utilization standards.
Thus an extremely valuable adjunct to the overall stand values is a stand table.
When computing a stand table it is important that it be logically and consistently
related to the overall stand characteristics.

Stand Table Generation
PARAMETER RECOVERY PROCEDURE

The parameter recovery procedure introduced by Hyink (1980) and further dis-
cussed and developed by Frazier (1981), Matney and Sullivan (1982), Cao and
others (1982), Hyink and Moser (1983), and Cao and Burkhart (1984) was used
to obtain estimates of the parameters of the Weibull pdf, which was used to
describe the diameter distributions of yellow-poplar stands before and after thin-
ning. The recovery method was selected because it provides compatible whole
stand and diameter distribution estimates of specified stand attributes.



The Weibull pdf exists in either a two or three parameter form. These two

forms are defined as follows. Three parameter Weibull density

E)Z_ac_l -\ byc>0
fAz;a, b, 00=<\bJ\ b exp B a,b,c

0, otherwise. z>a

Two parameter Weibull density

e\ x c—1 .
flx; b, ) = (5) (Z) ew[—(;ﬂ »bc>0

0, otherwise

where N

the location parameter,

the scale parameter,

the shape parameter,

the random variable (diameter), and
Z - a.

With the general diameter distribution yield function,

Na o8

Y,=N f g(x)f(x; 0) dx (6)
1
where
Y, = total per unit area value of the stand attribute defined by g(x)
g(x) = stand attribute as a function of x ,
f(x; ) = pdf for x
N = number of trees per unit area
| u = lower and upper diameter limits, respectively, for the product de-

scribed by gi(x),

integration over the range of diameters, X, for any g(x), gives the total per unit
area value of the stand attribute defined by g;(x). Average diameter, basal area
per acre, and total cubic volume per acre are examples of such stand attributes.
The number of stand attribute equations must equal the number of parameters
to be estimated in order to solve the system of equations for recovery of the pdf

parameters.
Letting g,(x) equal X/, one obtains the i noncentral moment of X as

EWX) = fm Xfix; 8) dx

and the parameter recovery system is simply the method of moments technique

of pdf parameter estimation (Mendenhall and Scheaffer 1973).

In the case of forest diameter distributions, the first noncentral moment, E(X),

is estimated by

10



TABLE 5. Equations for prediction of the first and second noncentral moments
of the diameter distribution.?

In(B,) = (A/A)In(B,) + (b/b)X1 — A,/Ay) + (bs/bXSY1 — A,/4,) (from Table 4)
In@ — @) = b, + b,In(B) + byIn(H,) + by(4-N)/1,000

For before first thinning For after first thinning
b, = —13.40824 R?=0.8133 b, = —5.20164 R?=0.3726
b, =0.45213 s2 =0.09357 b, = 0.80773 52 =0.2225
b, = 3.05978 b, =0.72383
by = —0.20664 by, = —0.33560

d = {B/(0.005454N) — exp[In(@ — @]}
In(Dmin) = 1.19439 + 0.05637[B/(0.005454N)]2 + 3.04022/(N'?) — 394.07219/(4-H)
=0.8251 s*>=10.02045

(For all measures except before first thinning where Dmin is set equal to 5.0 inches.)

s Where
A, = stand age at beginning of projection period.
A, = stand age at end of projection period.
A = stand age. )
B, = basal area/acre (sq ft) at beginning of projection period.
B, = basal area/acre (sq ft) at end of projection period.
B = basal area/acre (sq ft)
S = site index, base age 50 years.
& = average squared tree dbh of stand (inches?).
d = average tree dbh of stand (inches).
H, = average height of dominant and codominant trees of stand (feet).
N = number of trees/acre.
Dmin = minimum dbh of stand (inches).
R? = coeflicient of determination.
52 = mean squared error.
In = natural (Naperian) logarithm.

D x/N=3%,

the arithmetic mean diameter of the stand, and the second noncentral moment,
E(X?), is the estimated by

D} x#/N = X7 = basal area/acre/0.005454N,

(the quadratic mean diameter of the stand) where N is the number of trees per
acre. Hence, the first two moments of the diameter distribution have stand-level
interpretations that are common in forestry practice.

Stand average estimates of the first K moments produce a system of k equations
with k£ unknown parameters which can be solved to obtain estimates of the pdf
parameters while ensuring compatibility between whole stand and diameter dis-
tribution estimates of the stand attributes described by the moment equations.

STAND ATTRIBUTE PREDICTION

Regression equations used to obtain estimates of the first two noncentral moments,
and subsequently solve for the parameters of the Weibull distribution, are given
in Table 5.

The moment-based system of equations for the three parameter Weibull dis-
tribution led to convergence problems and the three parameter Weibull pdf was
reduced to the two parameter form using the transformation X' = Z — a. That is,
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the location parameter a was set equal to a constant or predicted outside the
system of equations, depending on stand characteristics.

Because independent estimates of average diameter, d, and average squared
diameter, 42, often produced illogical crossovers and hence negative variances
(i.e., & — d* < 0), a procedure discussed by Frazier (1981) was used, i.e., the
logarithm of the variance of the diameters, In(@Z — @2), was predicted. Given a val-
ue of a2 obtained from the estimate of basal area and the estimate of In(d? — 42),
d was determined algebraically.

As only those trees =4.5 inches in dbh were tallied, and due to the extremely
small variability in minimum stand diameters for the plot data prior to the first
thinning, the minimum diameter, Dmin, was set equal to 5.0 inches in stands
prior to the first thinning.

Bailey and Dell (1973) state that a can be considered the smallest possible
diameter in the stand. An approximation to this smallest possible diameter is
given by Dmin, the minimum observed diameter on the sample plots. This value
is positively biased since Dmin is always greater than or equal to the true smallest
diameter in the stand. Thus the value of a should most likely be 0 < ¢ < Dmin.
Five values for Dmin were selected and sensitivity analyses conducted. Using
values of 0, ¥5(Dmin), Y2(Dmin), %3(Dmin), and Dmin for q, and the recovered
estimates of b and ¢, observed and predicted diameter distributions were com-
pared. As was previously found by Frazier (1981) for thinned loblolly pine stands,
preliminary tests with the yellow-poplar data indicated that the a parameter of
the Weibull distribution could be estimated reasonably well from the minimum
stand diameter, Dmin, as

a = 0.5(Dmin).
The two equations for the two parameter system are

X = fw xf(x; b, ¢) dx = bI'(1 + 1/¢) )
1]

X2 = f X} (x; b, ¢) dx = bT(1 + 2/¢). 8)
0
The estimated variance of the distribution is given by
2= —x*=bII(1 + 2/¢) — TX(1 + 1/0)] )
and the coefficient of variation (CV) is estimated by
S _ [T + 2/¢) — (1 + 1/0))*

V=3 T + 170

(10)

Given estimates of ¥ and X2, the coefficient of variation is a function of c alone,
thus reducing the order of the system. Under this formulation, there exists a
unique solution for ¢, and simple iterative techniques for solving one equation in
one unknown can be used to obtain a value for ¢. With ¢ known, b is solved from
X = bI'(1 + 1/¢), and a is estimated with a constant or equation external to the
system. In a sense, this is a “hybrid” system in that it combines the parameter-
prediction and parameter-recovery systems.

When applying the system, the same stand-level basal area equation is used
when deriving diameter distributions and when estimating overall stand basal
area in order to ensure compatibility between the two levels of stand detail.

The computer program written by Frazier (1981) to approximate the diameter
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distributions of unthinned plantations of loblolly pine was used as a framework
in the development of the yellow-poplar growth and yield program. Equations to
predict stand attributes required by the solution routine, such as mean height of
the dominant and codominant trees, number of trees per acre, and individual tree
volume, are presented in Table 6.

The total height equation is a slight modification of the one presented by Beck |
and Della-Bianca (1970) with number of trees per acre replaced by basal area per
acre. The tree volume equation is of the same form presented by Beck (1963) and
was fitted using weighted least squares procedures.

THINNING ALGORITHM

Using the equations presented in Table 6, diameter distributions before and after
the first thinning were predicted for 10 randomly selected sample plots to observe
the “goodness-of-fit” of the system and also to check for logical consistencies
which should exist between stand tables for thinned and unthinned conditions.

Although the predicted distributions closely approximated the observed dis-
tributions, some discrepancies were present among the stand tables of the thinned
and unthinned plots. Predicted numbers of trees increased in some diameter
classes after thinning, and, in some instances, the thinned stand table had a larger
maximum stand diameter and/or a smaller minimum stand diameter than those
in the corresponding unthinned stand table. It was apparent that the diameter
distribution predictions before and after a thinning from below could not be carried
out indepependently, but had to be conditioned such that the previously stated
inconsistencies could not occur.

As an alternative to two independent predictions, the diameter distribution
prior to thinning was predicted, as before, then a proportion of the basal area in
each diameter class was removed to simulate the thinning. With this procedure
it is impossible for the number of trees in a given class to increase as trees can
only be removed from a class. Consequently, minimum diameter can only increase
and maximum diameter can only decrease, if they change at all.

A function was defined specifying the amount of basal area to be removed from
each diameter class. The following equation form relating the proportion of basal
area removed in a diameter class to the ratio of the midpoint diameter of the
class to the average squared diameter of the stand was used to “thin” the predicted
stand table.

P, = explb,(d?/d)] aan
where
P, = proportion of basal area removed from diameter class i,
d, = midpoint diameter of class i,
& = average squared diameter of stand, and
b,, b, = coefficients estimated from the data.

As the plot data were taken from stands thinned from below, the removal
function “thins” more heavily in the smaller diameter classes than in the larger
diameter classes. Equation (11), when fitted, represents the average removal pat-
tern in the data used to estimate the parameters, Separate removal equations were
fitted for stands after the first and second thinnings due to the obvious differences
in the size-class distributions. Coefficient estimates and fit statistics for the two
equations are given in Table 7.

Once the basal area removal functions were defined, the thinning algorithm
was as follows:

.14



TABLE 7. Coefficient estimates and fit statistics for the basal area removal func-
tion.?

P, = explb(d?/d)]

For first thinning For second thinning
b, = —-0.70407 b, = —2.61226
b, = 1.87666 b, = 2.00627
R>=0.5614 R?=0.4060
MSE = 0.0843 MSE = 0.0672
= Where
P, = proportion of basal area removed from diameter class i.
d; = midpoint diameter of class .
& = average squared diameter of class i.
MSE = mean square error.
R? n
2 (P [ P, i)z
=1
2 (P~ Py
R i=1 .
P, = predicted value of P,
P = mean of the P, values.
n = sample size.

1. Predict the diameter distribution prior to thinning from the Weibull distri-
bution.

2. Starting with the smallest diameter class, remove the proportion of basal
area specified by the removal function.

3. Proceed through the diameter classes until the desired level of basal area to
be removed is attained. '

4. If the required basal area removal is not obtained after the largest diameter
class is reached, return to the smallest diameter class and remove the re-
maining basal area in that class. Proceed in this manner through the diameter
classes until the desired level of basal area removal is attained.

This procedure validated fairly well against the observed data where the thinnings
from below produced stands that were thinned heavily in the lower diameter
classes, and diameter distributions that were frequently left-truncated.

Tree Volume Equations

As yellow-poplar is cut for a variety of products, reliable estimates of volume to
any specified merchantable top diameter and/or height limit are essential. Beck
(1963) published cubic-foot volume tables for yellow-poplar in the southern Ap-
palachians based on diameter at breast height (dbh) and total tree height. Total
height, rather than merchantable height, was used to estimate volume inside and
outside bark to 4- and 8-inch top diameter limits. However, merchantability
standards change rapidly and it is desirable to have a set of volume estimating
equations that are completely general and flexible for obtaining estimates for any
specified portion of tree boles. To provide estimates of cubic-foot volume to any
desired top diameter or height limit while ensuring that the predicted volumes
were logically related, we predicted total stem volume and the ratio of merchant-
able stem volume to total stem volume for any specified top diameter or height
limit according to the methods described by Burkhart (1977) and Cao and Burk-
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hart (1980). Information on the individual tree data analyses, which include taper
functions as well as the volume equations, can be found in Knoebel and others
(1984).

Computer Program

The source code for the yellow-poplar growth and yield model, written in FOR-
TRAN Level-G, is given in Appendix 3. The computer program is summarized
and illustrated in a simplified flow chart diagram presented in Appendix 2. The
steps and procedures outlined in the flow chart are discussed in the following
sections.

InpUT DATA
The input data required by the program are:

@ Age at beginning of projection period.

@ Age at end of projection period (equal to age at beginning of projection period
if no projection desired).

@ Site index in feet (base age 50 ft).

@ Basal area per acre at beginning of projection period (sq ft).

@ Number of trees per acre at beginning of projection period.

® Number of previous thinnings.

Either basal area or number of trees per acre or both must be known. Given
one measure of stand density, the other can be predicted from age, site index,
and the known measure of stand density from equations fitted to the plot data.
For projecting stands, the known number of trees or the number of trees obtained
from a previously generated stand table should be entered. When this information
is not known, the number of trees must be estimated. '

STAND ATTRIBUTE PREDICTION
Given the input data, the following stand attributes are computed.

@ Average height of the dominant and codominant trees in feet.
® Minimum diameter in inches. -

@ Arithmetic mean diameter in inches.

@ Quadratic mean diameter in inches.

If stand-level estimates are desired, they are computed at this point.

@ Number of trees per acre.

@ Basal area per acre (sq ft).

® Total cubic-foot volume per acre.

@® Board-foot volume per acre, International Ys-inch rule for all trees in the 11-
inch dbh class and above to an 8-inch top (ob).

Once the stand-level attributes are generated and displayed, the user has the option
to:

@ Produce the corresponding stand/stock table,
@ Make another projection, or
@ Terminate the growth and yield program.

To obtain the correspondihg stand/stock table, estimates of the Weibull distri-
bution parameters must first be computed.

16



ESTIMATION OF WEIBULL PARAMETERS

Given the input data and the predicted stand attributes, a computer solution
routine developed by Burk and Burkhart (1984) is used to obtain estimates of the
Weibull parameters. The routine solves a moment-based three parameter Weibull
system of equations where the a parameter is predicted independent of the system.

STAND TABLE DERIVATION

Given the parameter estimates, number of trees by diameter class are obtained
by multiplying the total number of trees per acre by the proportion of the total
number of trees in a given class as determined by the three parameter Weibull
cdf. Basal area and cubic-foot volume by diameter class are obtained by numer-
ically integrating the general diameter distribution yield function (6) with g,(x)
equal to 0.005454(dbh?) for basal area and g;(x) equal to a total cubic-foot volume
equation, which is a function of dbh alone, for cubic-foot volume. The numerical
integration is carried out using a solution routine developed by Hafley and others
(1982). Board-foot volumes in those diameter classes =11 inches are obtained
according to the procedures described by Beck (1964). First, merchantable cubic-
foot volume to an 8-inch top diameter (ob) is computed using the volume equa-
tions developed by Knoebel and others (1984). Then, using an equation presented
by Beck, a board-foot/cubic-foot ratio, and, subsequently, a board-foot volume
is calculated for a tree of a specified dbh. Given the number of trees by diameter
class and this calculated board-foot volume per tree, an International Y-inch
board-foot volume for trees =11 inches dbh to an 8-inch top (ob) is computed
by diameter class.

The user can substitute any total cubic-foot volume equation desired into the
program provided all inputs for the equation are a function of diameter alone.
For example, if total height is required in the volume equation, which is the case
in this program, then an equation to predict total height as a function of dbh must
also be supplied.

In addition to number of trees, basal area, and cubic-foot and board-foot vol-
umes per acre by diameter class, the following stand attributes are also given.

® Input data

@® Minimum diameter in inches

® Quadratic mean diameter in inches

@® Maximum diameter in inches

@ Average height of dominants and codominants in feet

® Total number of trees per acre

® Total basal area per acre in square feet

@ Total cubic-foot volume per acre

® Total board-foot volume per acre, International Y%-inch rule for all trees in
the 11-inch dbh class and above to an 8-inch top (ob).

THINNING THE STAND TABLE

After the projected stand table and associated summary statistics are printed, the
user has the option to thin the stand, in which case a residual basal area must be
specified. Basal area is then removed from each diameter class according to the
thinning algorithm described previously, until the residual basal area limit is met.
The number of trees and the cubic-foot and board-foot volumes removed from
a diameter class are obtained from the following equations.
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Nr; = Br,/(0.005454D?)
CVr, = (Nr/Np,)CVp;
BVr,- = (Nr,/Np,)BVp;

where
Nr; = number of trees removed from diameter class i
Np, = number of trees prior to thinning in diameter class i
Br, = basal area removed from diameter class i
D, = midpoint dbh of diameter class i
CVr, = cubic-foot volume removed from diameter class
CVp, = cubic-foot volume prior to thinning in diameter class
BVr, = board-foot volume removed from diameter class
BVp, = board-foot volume prior to thinning in diameter class i.

As with the unthinned stand table, a similar stand attribute summary is given for
the thinned stand table.

At this point, the user has the option to “rethin” the original predicted stand
table to a different residual basal area. This can be done any number of times, to
any level of residual basal area greater than zero and less than or equal to the
original stand basal area. As before, once the stand/stock table is displayed, and
the stand summary statistics are given, the user may either make another pro-
jection or terminate the growth and yield program. '

EXAMPLE REGIME

An example run from the growth and yield model is given in Appendix 1 to
illustrate the various options available and the output produced at each step of
the program. The following thinning regime was used in the example.

Initial

conditions: Site index (base age 50) = 100 feet
Initial age = 20 years
Initial basal area = 80 sq ft/acre.

Regime: Thin to 50 sq ft/acre at age 20
Project to age 40 and thin to 70 and 80 sq ft/acre.

MODEL EVALUATION
Evaluation of Whole Stand Estimates

For each of the 141 sample plots, total basal area and cubic-foot volume per acre
were computed by summing across the diameter classes of the generated stand
tables. In each case, observed minus predicted basal area and cubic-foot volume
per acre were calculated. Summary statistics, as well as an R? value, were calculated
for the basal area and cubic-foot volume residuals. These values are presented in
Tables 8 and 9.

Bias, represented by the mean residual, decreases, and goodness-of-fit, repre-
sented by R?, increases for both basal area and cubic-foot volume for the mea-
surement periods after the first thinning, as opposed to the measurement prior to
thinning. This may be due to the fact that the diameter distributions of the stands
became smoother and more unimodal after the first thinning. Before the first
thinning, diameter distributions were generally irregular and often multimodal,
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TABLE 8. Summary statistics for the residual values representing observed mi-.
nus predicted basal area per acre for the sample plot data.

Standard
Number Mini- Mean deviation
of mum Mean absolute Maximum of
Measurement obser- residual residual residual residual residual
period vations value*  value  value value - values R?®

Before first thinning 141 0.07 3.64 3.64 26.45 3.13 0.9902
After first thinning 141 .02 .67 .67 2.26 44 .9998
Before second thinning 141 .03 .73 .73 2.33 .45 9998
After second thinning 141 .03 .69 .69 2.19 47 .9998

a Residug.l value computed as the observed minus the predicted value of the dependent variable.
=YY,
® The R? value was computed as follows:

n
2t

-1

>, -

=1

Ri=1-

where

Y, = i observed value of the dependent variable.

= predicted value of the dependent variable.
mean value of the dependent variable.

i residual value, as defined above in footnote a.
number of observations.

~
tnan

TABLE 9. Summary statistics for the residual values representing observed mi-
nus predicted total cubic-foot volume per acre for the sample plot data.

Standard
Number Mean deviation
of Minimum Mean absolute Maximum of
Measurement obser-  residual residual  residual residual residual
period vations value? value value value values R2v

Before first thinning 141 —399.13 206.94 249.21 970.32 232.86 0.9860
After first thinning 141 -783.53 —80.57 123.09 22336 164.21 9898
Before second thinning 141 —498.23 167.72 19445 685.67 173.57 .9904
After second thinning 141 —498.23 151.55 173.94 685.67 151.34 9920

a Residua}l value computed as the observed minus the predicted value of the dependent variable.
=Y -Y%,
b The R? value was computed as follows:

>, -y

i* observed value of the dependent variable.

i predicted value of the dependent variable.
mean value of the dependent variable.

i*» residual value, as defined above in footnote a.
number of observations.

b<
[ |
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making modeling with a Weibull distribution difficult. As the thinnings “smoothed
out” the distributions, the bias and goodness-of-fit generally improved. The
smoothing effects of the thinnings are most noticeable with basal area as the
parameter recovery solution procedure was conditioned on the basal area, and
not on cubic-foot volume.

An evaluation of the parameter recovery procedure at the diameter class level
was also conducted. Using the plot data and the predicted number of trees obtained
from the solution routines, the observed and predicted number of trees by diameter
class were computed for each plot.

A Chi-square goodness-of-fit statistic was calculated for each plot before and
after the first thinning as well as before and after the second thinning. Calculated
Chi-square statistics from the 141 plots exhibited trends similar to those found
earlier at the whole stand level in that goodness-of-fit, measured by the Chi-square
statistics, improved as the time from the initial measurement and number of
thinnings increased. In all cases, the Chi-square goodness-of-fit tests indicated
that the predicted diameter distributions were not different from the observed
distributions at the 0.2573 significance level (for the poorest fit).

Predicted Stand Tables

To evaluate the prediction system in terms of biological relationships, stand tables
were generated for various combinations of ages, site indexes, and basal areas, all
well within the ranges of the observed data. The numbers of trees per acre were
estimated from stand age, site index, and basal area per acre. In all cases, the
stands were assumed to have been previously thinned once. These stand tables
are presented in Table 10.

Size CLASS DISTRIBUTIONS

For a given site index and stand basal area, as age increases, the number of diameter
classes also increases. This increase is always due to the addition of larger, not
smaller, diameter classes. There is also a general decrease in the number of trees
in the smaller diameter classes and a corresponding increase in the number of
trees in the larger diameter classes. Finally, it should be noted that as age increases,
total number of trees in the stand decreases, for a given site index.

For a given age and stand basal area, an increasing site index also tends to result
in an increasing spread in the diameter distribution. Again, the increase in number
of diameter classes is always due to the addition of larger diameter classes. With
increasing site index there is also a decreasing number of trees in the smaller
diameter classes and an increasing number in the larger classes. As was the case
with age, a higher site index leads to a lower total number of trees for the stand
at a given age.

For a given age and site index, effects due to varying levels of basal area are
also present. An increase in basal area is followed by a slight increase in the
number of diameter classes as well as an increase in the total number of trees.

In general, the stand tables demonstrate the expected biological relationships
in terms of size class distributions due to factors such as age, site index, and stand
density.

VOLUME YIELDS

Total cubic-foot volume yields from the stand tables presented in Table 10 are
summarized in Table 11. For a given site index and basal area, as age increases,
so does volume, however, the rate of increase decreases with age. When age and
site index are fixed, an increase in basal area results in an increase in total cubic-



foot volume which is fairly constant across the basal area classes. Higher volumes
are also associated with higher site indexes. It should be noted that stands of
higher site indexes have correspondingly larger volume differences between age
periods than those of lower sites. The trends in total cubic-foot volume reflected
in Table 11 are generally in agreement with known biological relationships.

Effect of Thinning Regime on Yield

Six thinning regimes were outlined to determine the effects of thinning on volume
yields and to answer the following questions:

1. How does the weight of thinning affect yield?
2. How does the number of thinnings affect yield?
3. How does the timing of thinnings affect yield?

WEIGHT OF THINNING

To describe the influence of the weight of thinning on volume yields, two thinning
regimes were specified, differing only in the amount of basal area removed at each
thinning. Both regimes were modeled at three levels of site index to describe how
the trends due to the thinning regimes are affected on “poor,” “average,” and
“good” sites. The regimes are as follows:

Initial

conditions: Site index (base age 50) = 80, 110, 140 ft
Initial age = 20 years ,
Initial basal area = 80 sq ft/acre.

Regime 1: Thin to 50 sq ft/acre at age 20
Project to age 40 and thin to 70 sq ft/acre
Project to age 50 and thin to 80 sq ft/acre
Project to age 80. ;

Regime 2: Thin to 65 sq ft/acre at age 20
Project to age 40 and thin to 90 sq ft/acre
Project to age 50 and thin to 110 sq ft/acre
Project to age 80.

Stand-level summaries of total cubic-foot volume (ob) and board-foot volume
yields per acre are given in Tables 12 and 13. Board-foot volume per acre is
International Ys-inch rule for all trees in the 11-inch dbh class and above to an
8-inch top diameter (ob). In general, total cubic-foot and board-foot volume yields
decrease as thinning weight increases. Due to the definition and structure of the
thinning algorithm, for all three site indexes, the diameter distributions for the
heavily thinned stands are shifted toward the larger diameter classes, as evidenced
by the minimum, quadratic mean, and maximum diameters given for the final
stand tables at age 80. The stand tables from regime 1 had less trees, basal area,
total cubic-foot volume, and board-foot volume per acre. The differences in vol-
ume yields due to weight of thinning tend to increase with increasing site index.

NUMBER OF THINNINGS

To demonstrate the effects of number of thinnings on volume yields, two addi-
tional thinning schedules were outlined. These regimes differ from regimes 1 and
2 only in that the stands are thinned once. Given the same initial conditions as
before, including the three levels of site index, regimes 3 and 4 are as follows:
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TABLE 11. Total cubic-foot volume yields for various combinations of site index,
age, and basal area values of yellow-poplar stands thinned one time.

Site index

and age Basal area (sq ft/acre)

(years) 70 90 110
Site index 90 cubic feet

20 1,576 2,023 2,479

30 2,065 2,631 3,204

40 2,471 3,151 3,837

50 2,760 3,516 4,315
Site index 110

20 1,823 2,335 2,853

30 2,520 3,211 3,912

40 3,030 3,886 4,741

50 3,399 4,357 5,317
Site index 130

20 ) 2,107 2,691 3,283

30 3,003 3,830 4,668

40 3,629 4,642 5,662

50 4,043 5,196 6,346

Regime 3: Project to age 40 and thin to 70 sq ft/acre
Project to age 80.

Regime 4: Project to age 40 and thin to 90 sq ft/acre
Project to age 80.

Stand-level summaries of total cubic-foot volume (ob) and board-foot volume
yields per acre are given in Tables 14 and 15. Board-foot volume per acre is
International Y%-inch rule for all trees in the 11-inch dbh class and above to an
8-inch top diameter (ob). Upon comparison of yields from regimes 1 and 3, the
additional thinnings in regime 1 resulted in increased cubic-foot and board-foot
yields throughout the rotation at the low site. At the high site, regime 3 had the
larger cubic-foot and board-foot volume yields. There were small differences in
volume yields for the moderate sites. Similar trends are apparent when comparing
yields from regimes 2 and 4. Because the coefficients for the basal area and cubic-
foot volume projection equations in the “two-or-more” thinning case produce
greater basal area and volume growth, these trends are as expected.

The faster growth rate associated with stands thinned two or more times has a
greater effect at the low site index. For the low site index, the final stand tables
showed the stand thinned more than once (regime 1) to have a diameter distri-
bution with larger trees than the stand thinned only once. While it has fewer trees,
the stand thinned three times has a higher basal area, cubic-foot volume, and
board-foot volume. At the average site index, the stand tables from the two regimes
are very similar in all respects. Finally at the high site index, the stand thinned
only once has larger diameter trees, as well as greater numbers of trees, basal area,
and cubic-foot and board-foot volumes. Similar trends were observed upon com-
parison of the stand tables from regimes 2 and 4.

TIMING OF THINNING

To illustrate the effect of timing of thinnings on volume yields, two thinning
regimes were specified differing only in the time at which the thinnings occurred.



Given the same initial conditions and the three levels of site index, regimes 5 and
6 are given as:

Regime 5: Thin to 70 sq ft/acre at age 20
Project to age 30 and thin to 80 sq ft/acre
Project to age 40 and thin to 90 sq ft/acre
Project to age 80.

Regime 6: Thin to 70 sq ft/acre at age 20
Project to age 40 and thin to 80 sq ft/acre
Project to age 50 and thin to 90 sq ft/acre
Project to age 80.

Stand-level summaries of total cubic-foot volume (ob) and board-foot volume
yields per acre, where again, board-foot volume per acre is International Y4-inch
rule for all trees in the 11-inch dbh class and above to an 8-inch top diameter
(ob), are given in Tables 16 and 17. The earlier thinnings of regime 5 resulted in
greater cubic-foot and board-foot yields for the low and moderate site indexes.
For the high site index, total cubic-foot and board-foot productions are similar
for both the early and late thinnings. The differences in yields due to timing of
thinnings tend to decrease as site index increases. For the low site index in par-
ticular, early thinnings result in substantial increases in both board-foot and cubic-
foot yields. _

Based on the final stand tables, the earlier thinnings of regime 5 resulted in
greater numbers of trees, basal area, and cubic-foot and board-foot volumes per
acre for all site indexes. In addition, the diameter distributions for the stands from
regime 5 are shifted slightly toward larger diameter classes than those associated
with the stands of regime 6 which were thinned at a later time. This trend becomes
more pronounced as site index increases.

In general, as the weight of thinning increased, cubic-foot and board-foot volume
yields decreased. The differences due to weight tended to be greater as site index
increased. Additional thinnings resulted in greater volume yields, and as site index
increased, the trends due to the number of thinnings reversed. Finally, early
thinnings produced higher volume yields than the late thinnings—the differences
in yields being smaller for the higher site index values. In the six thinning regimes,
the differences in total cubic-foot and board-foot yields, as well as the correspond-
ing basal areas and numbers of trees per acre, throughout the rotations were
different due to changes in stand structures attributable to the weight, number,
and timing of the thinnings.

In all of these comparisons, only the volume in specified size classes was con-
sidered; i.e., no consideration was given to the impact of thinning on the quality
of the residual stand. When performing in-depth economic analyses of thinning
alternatives, quality, as well as volume, relationships should be considered.

DISCUSSION

Model Limitations and Recommendations

Although the growth and yield model produced logical and consistent results,
there are certain limitations in the prediction system. First, due to the structure
of the data set, it was not possible to fit an equation to project basal area prior
to the first thinning. At measurement periods 1 and 2, all stands were thinned.
Thus no data were available on basal area growth in unthinned stands. Until such
data become available, the stand level equation for basal area prediction after the
first thinning can be used as the best approximation in such cases. Similarly, data
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were available for stands thinned up to two times. For stands thinned more than
twice, the equation for stands based on two thinnings was substituted.

Finally, there were no data on tree mortality. This represents a problem pri-
marily for the unthinned stand table projections. Because of the thinnings made
every five years, mortality was virtually nonexistent in the thinned stands. This
may not be expected operationally, as repeated thinnings, as well as the thinning
. operations, can cause damage and death to the residual trees. However, based on
the data used in this study, one can only assume no mortality when projecting
the stands through time following thinnings. For unthinned stand projection,
number of trees must be predicted from the projected age, site index, and basal
area.

One recommended area for improvement in this study concerns the develop-
ment of an appropriate stand-level growth and yield model. Using two sets of
coefficients for the Sullivan and Clutter simultaneous growth and yield model—
one for stands after one thinning and a second for stands after two thinnings,
might suggest that the model form is an over-simplification of reality. The de-
velopment of a generalized growth/growing stock theory that considers the changes
in the relationships brought about by thinning in the population would represent
a significant step forward in modeling methodology. While our procedures using
two sets of coefficient estimates worked well, it should be pointed out that they
indicate the need for a more generalized model, not a definitive solution to the
problem.

Another possible refinement of the model is to redefine the basal area removal
functions or the algorithm used to thin the stands. In most light to moderate
thinnings no trees are removed from the larger diameter classes with the algorithm.
However, in practice, larger trees are sometimes removed due to mortality, defect,
etc. Also, this model is restricted to describing thinnings according to the removal .
patterns observed in the sample plots. Once data from stands thinned by other
methods and diameter limit criteria become available, additional removal patterns
could be formulated to simulate the various types of thinning, and thus increase
. the applicability and scope of this model. One method to obtain more realistic
removal patterns for thinning, suggested by Cao and others (1982), is to establish
stochastic models in which trees in each diameter class are assigned probabilities
of being removed, and are cut or left depending on values of the random numbers
generated.

Summary

In this study a growth and yield model for thinned stands of yellow-poplar was
developed. The model produces both stand-level and diameter distribution level
estimates of number of trees, basal area, and cubic-foot volume per acre.

Development of the model consisted of two stages. In the first, equations to
predict stand-level attributes were obtained. Then, in the second, stand tables
were derived from the stand-level attributes by solving for the parameters of a
three parameter Weibull distribution. The shape and scale parameters were ob-
tained according to the parameter recovery procedure. The location parameter
was estimated independently. When applying the system, the same stand-level
basal area equation is used when deriving diameter distributions as when esti-
mating overall stand basal area in order to ensure compatibility between the two
levels of stand detail.

Overall, the parameter recovery procedure for estimating the parameters of the
diameter distributions of the stands before thinnings gave reasonable estimates
of number of trees, basal area, and cubic-foot volume per acre by diameter class.
The thinning algorithm, which removed a proportion of basal area from each



class to simulate a thinning from below, produced stand and stock tables after
thinning that were consistent with those generated before thinning, while ade-
quately describing the observed diameter distributions after thinning. The growth
and yield model for yellow-poplar provides detailed information about stand
structure in an efficient manner that allows the evaluation of various thinning
options.
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APPENDICES

Appendix 1. Example Run of Yellow-Poplar Growth and Yield Program

A GROWTH AND YI1ELD PREDICT!ON MODEL:FOR THINNED STANDS-
OF YELLOW-POPLAR.

A RESPONSE CAN BE ENTERED AS EITHER INTEGER- OR REAL-VALUED,
YOU MAY ENTER : "9999" AT ANY TIME TO TERMINATE THE PROGRAM.
"8888" AT ANY TIME TO RESTART THE PROGRAM.

ENTER AGE AT BEGINNING OF PROJECTION PERIOD.
20.

ENTER AGE AT END OF PROJECTION PERIOD.

20.

ENTER SITE INDEX (BASE AGE 50).
100.

EITHER NUMBER OF TREES OR BASAL AREA
PER ACRE MUST BE KNOWN.

ENTER BASAL AREA PER ACRE AT BEGINNING
OF PROJECTION PERIOD IF KNOWN,
OTHERWISE ENTER 0.

¢

80.

SPECIFY NUMBER OF TREES PER ACRE IF KNOWN
OTHERWISE ENTER O.

0.

ENTER NUMBER OF PREVIOUS THINNINGS AS:
0 IF STAND HAS NOT BEEN PREVIOUSLY THINNED,
1 IF STAND HAS BEEN PREVIOUSLY THINNED ONCE,
2 IF STAND HAS BEEN PREVIOUSLY THINNED MORE THAN ONCE.

ENTER 1 FOR WHOLE STAND GROWTH AND YIELD ESTIMATES,
OR 2 FOR DIAMETER DISTRIBUTION LEVEL ESTIMATES.



22X

)

VOO W

10

INPUT SUMMARY :

INITIAL AGE = 20
PROJECTED AGE =

TREES
(/AC)

PREDICTED STAND/STOCK TABLE

SITE INDEX (FT,BASE AGE 50 FT) = 100

INITIAL BASAL AREA (SQ FT/AC) =

TOTAL TOTAL INTERNAT IONAL 1/4
BASAL AREA  HEIGHT  CUBIC-FOOT  BOARD-FOOT VOLUME
(SQ FT/AC)  (FEET)  VOLUME (OB) 11 IN+, 8-IN OB TOP
1.9 50 42 0
9.9 53 233 0
19.6 55 473 0
22.2 56 546 0
15.9 57 399 0
7.6 58 191 0
2.4 58 61 0
0.6 58 15 0.
80.0 --- 1961 0
k
PROJECTION SUMMARY :
BASAL AREA (SQ FT/AC) = 80
20 NUMBER OF TREES (/AC)= 491
MINIMUM DIAMETER (IN) = 3.0
80  QUADRATIC MEAN DIAMETER (IN)
MAXIMUM DIAMETER (IN) = 10.0

NUMBER OF TREES (/AC) =
NUMBER OF
PREVIOUS THINNINGS =

0

AVERAGE HEIGHT OF DOMINANTS
AND CODOMINANTS. (FT) .=

CUBIC~-FOOT VOLUME =
BOARD-FOOT VOLUME =

1961

o

(11 IN+ TO AN 8-IN 0B TOP)

DO YOU WANT TO THIN THE STAND AT THIS TIME?

ENTER 1 FOR YES
0 FOR NO

SPECIFY THE RESIDUAL BASAL AREA DESIRED

50.

BASAL AREA
{sQ FT/AC)

(=]

TOTAL
HE IGHT
(FEET)

STAND/STOCK TABLE AFTER THINNING

TOTAL INTERNATIONAL 1/4
BOARD~-FOOT VOLUME

CUBIC-FOOT

VOLUME (0B) 11 IN+, 8 IN OB ToP

o
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STAND TABLE SUMMARY AFTER THINNING

AGE = 20 BASAL -AREA (SQ FT/AC) 50
SITE FNDEX (FT BASE 'AGE 50 FT) = 100 ..CUBIC~FOOT VOLUME = 1236
MINIMUM -DIAMETER -(-IN) =- 3. ~BOARD-FOOT VOLUME = . 0
QUADRATIC MEAN DIAMETER (IN) 6.2 (11 IN+ TO AN 8~IN 0B TOP)

MAXIMUM D!AMETER (iIN)= 10.0

NUMBER OF TREES .(/AC) PRIOR TO THINNING = 491

NUMBER QF TREES (/AC) REMOVED IN THINNING = 252

BASAL AREA (SQ FT/AC) PRIOR TO THINNING = 80

BASAL AREA (SQ FT/AC) REMOVED IN THINNING = - 30

CUBIC-FOOT VOLUME PRIOR TO THINNING = 1961

CUBIC-FOOT VOLUME REMOVED IN THINNING = 724

BOARD-FOOT VOLUME PRIOR TO THINNING = 0

BOARD-FOOT VOLUME REMOVED IN THINNING = 0 i iu ko

EBICTED STAND TABLE
”ASAL AREA 7

DO YOU WANT TO RETHIN T
TO ANOTHER LEVEL OF RESIDUA

ENTER 1 FOR YES
‘0 FOR ‘NO-

0.

DO.YQU WANT TO MAKE ANOTHER PROJECTION ?

ENTER 1 FOR YES
- -0- FOR 'NO

ENTER AGE AT BEGINNING OF PROJECTION ,PER10D.
20..

ENTER AGE AT END OF PROJECTION PERIOD.

40.

ENTER SITE INDEX (BASE AGE 50).
100.

EITHER NUMBER OF TREES OR BASAL AREA
PER ACRE MUST BE KNOWN.

ENTER BASAL AREA PER ACRE AT BEGINNING
OF PROJECTION PERIOD IF KNOWN,
"OTHERWISE ENTER 0.

50.




FOR PROJECTION OF STANDS,

ENTER THE KNOWN NUMBER OF TREES OR THE NUMBER OF TREES
OBTAINED FROM A PREVIOUSLY PREDICTED STAND TABLE Ff POSSIBLE,
OTHERWISE ENTER 0.0.

239.

ENTER NUMBER OF PREV)OUS mmimcs ‘AS:
0 IF STAND. HAS N EN PREVIOUSLY THINNED,
1 IF STAND:HAS PREVIOUSLY: THINNED ONCE,
2 If STAND v1ousn_v THINNED MORE THAN ONCE

ENTER - 1 FOR WHOLE STAND GROWTH AND YIELD ESTIMATES,
OR 2 FOR DIAMETER DISTRIBUTION LEVEL ESTIMATES.

WHOLE STAND GROWTH AND YILELD ESTIMATES

INITIAL AGE = 20.,,,~, SITE INDEX (BASE AGE 50) = 100

PROJEGTED AGE = uo‘ ‘ NUMBER OF PREVIOUS THINNINGS = 1.
INlTIAL BA&A AREA = 50.0 CUBIC~FOOT VOLUME = 4431.1

PROJEQTED BASAL AREA = 113.5 BOARD-~FOOT VOLUME 11982.2

]

DO YOU WANT THE CORRESPONDING STAND TABLE ?

ENTER 1 FOR YES
0 FOR NO

PREDICTED STAND/STOCK TABLE
- TOTAL TOTAL INTERNAT |ONAL 1/4

DBH TREES BASAL AREA HE IGHT CUBIC-FOOT  BOARD-FOOT VOLUME
(IN) {/AC) (SQ FT/AC) ( FEET) VOLUME (0B) 11 IN+, 8-IN OB TOP
bL 2.2 0.2 L7 5 0
5 8.7 1.2 57 32 0
6 18.6 3.7 66 109 0
7 29.7 8.0 72 256 0
8 38.4 13.5 78 463 0
9 41.6 18.4 83 668 0
10 37.8 20.6 86 782 0
M 28.8 18.9 90 Tu6 2184
12 18.2 4.2 93 576 1886
13 9.4 8.6 95 358 1277
14 3.9 4.1 97 177 676
15 1.8 2.2 97 94 380
TOTAL  239.0 113.5 .- 4266 6403
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STAND TABLE SUMMARY

INPUT SUMMARY : PROJECTION SUMMARY :

INITIAL AGE = 20 BASAL AREA (SQ FT/AC) = 114

PROJECTED AGE = 40 NUMBER OF TREES (/AC)= 239

SITE INDEX (FT,BASE AGE 50 FT) = 100 MINIMUM DIAMETER (IN) = 4.0

INITIAL BASAL AREA (SQ FT/AC) = 50 QUADRATIC MEAN DIAMETER (IN) = 9.3

NUMBER OF TREES (/AC) = 239 MAXIMUM DIAMETER (IN) = 15.0

NUMBER OF AVERAGE HEIGHT OF DOMINANTS

PREVIOUS THINNINGS = 1 AND CODOMINANTS (FT) = 90
CUBIC-FOOT VOLUME = L266
BOARD~-FOOT VOLUME = 6403

(11 IN+ TO AN 8-IN 0B TOP) -

DO YOU WANT TO THIN THE STAND AT THIS TIME?

ENTER 1 FOR YES
0 FOR NO

SPECIFY THE RES!DUAL BASAL AREA DESIRED
70.

STAND/STOCK TABLE AFTER THINNING
TOTAL TOTAL INTERNATIONAL 1/4

DBH TREES BASAL AREA HEIGHT CUBIC-FOOT BOARD~-FOOT VOLUME
{IN) (/AC) (SQ FT/AC) ( FEET) VOLUME (0B) 11 IN+, 8-IN 0B TOP
U 0.0 0.0 0 0 0
5 0.0 0.0 0 0 0
6 0.0 0.0 0 0 0
7 0.0 0.0 0 0 0
8 0.0 0.0 0 0 0
9 4.8 2.1 83 77 0
10 36.6 19.9 86 757 0
1 28.8 18.9 90 T46 2184
12 18.2 4.2 93 576 1886
13 9.4 8.6 95 358 1277
T4 3.9 41 97 177 676
15 1.8 2.2 99 94 380
TOTAL 103.4 70.0 - 2786 6403




STAND TABLE SUMMARY AFTER THINNING

AGE = 40 BASAL AREA (SQ FT/AC) = 70
SITE INDEX (FT, BASE AGE 50 FT) = 100 CUBIC~FOOT VOLUME = 2786
MINIMUM DIAMETER (IN) = 9.0 BOARD~FOOT VOLUME = 6403
QUADRATIC MEAN DIAMETER (IN) = .1 (11 IN+ TO AN 8-IN OB TOP)
MAXIMUM DIAMETER (IN)= 15.0

NUMBER OF TREES (/AC) PRIOR TO THINNING = 239

NUMBER OF TREES (/AC) REMOVED IN THINNING = 136

BASAL AREA (SQ FT/AC) PRIOR TO THINNING = 114

BASAL AREA (SQ FT/AC) REMOVED IN THINNING = 4

CUBIC-FOOT VOLUME PRIOR TO THINNING = 4266

CUBIC-FOOT VOLUME REMOVED IN THINNING = 1480
BOARD=-FOOT VOLUME PRIOR TO THINNING = 6403
BOARD=-FQOT VOLUME REMOVED IN THINNING = 0

DO YOU WANT TO RETHIN THE PREDICTED STAND TABLE
TO ANOTHER LEVEL OF RESIDUAL BASAL AREA ?

ENTER 1 FOR YES
0 FOR NO

1.

THE RESIDUAL BASAL AREA PREVIOUSLY SPECIFIED WAS 70.00

SPECIFY THE RESIDUAL BASAL AREA DESIRED
80.

STAND/STOCK TABLE AFTER THINNING
TOTAL TOTAL INTERNATIONAL 1/4

DBH TREES BASAL AREA HEIGHT CUBIC~FOOT BOARD-FOOT VOLUME
{IN) (/AC) {(sQ FT/AC) { FEET) VOLUME (0B8) 11 IN+, 8-iN OB TOP
L 0.0 0.0 0 0 0
5 0.0 0.0 0 0 0
6 0.0 0.0 0 0 0
7 0.0 0.0 0 0 0
8 0.0 0.0 0 0 0
9 27.4 12.1 83 L4 0
10 36.6 19.9 86 757 0
11 28.8 18.9 90 T46 2184
12 18.2 4.2 93 576 1886
13 9.4 8.6 95 358 1277
4 3.9 4.1 97 177 676
15 1.8 2.2 99 94 380
TOTAL 126.1 80.0 .- 3150 6403
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STAND TABLE SUMMARY AFTER THINNING

0 - e - - -

AGE = 40 BASAL AREA (SQ FT/AC) =" 80
SITE INDEX (FT, BASE AGE 50 FT) = 100 :CUBIC-FOOT VOLUME = . 3150
MINIMUM DIAMETER (IN) = 9.0 * BOARD=FOQT 'VOLUME = . 6403

QUADRAT IC“MEAN" D | AMETER (IN) 10.8 {11 N+ TO AN.“8=1N OB TOP)
MAXIMUM DIAMETER (iIN)= 15.0 P : B

NUMBER OF TREES (/AC) PRIOR TO:THINNING = 239
NUMBER OF -TREES (/AC) REMOVED IN THINNING = 113
BASAL AREA (SQ FT/AC) PRIOR TO THINNING = 114
BASAL AREA {SQ FT/AC) REMOVED :IN THINNING = 34
CUBIC-FOOT VOLUME PRIOR TO THINNING = 4266
CUBIC-FOOT VOLUME REMOVED IN THINNINQ = 116
BOARD-FOOT VOLUME PRIOR TO THUINNENG: = 6403
BOARD-FOOT VOLUME REMOVED IN THINNING =

DO YOU WANT TO RETHIN THE PREDICTED>STAND TABLE
TC ANOTHER LEVEL OF RESIDUAL BASAL AREA .7: . -

ENTER 1 FOR YES
0 FOR NO

D0 YOU WANT TO MAKE ANOTHER PROJECT.ION: 7

ENTER 1 FOR YES
0 FOR NO ; T

THE PROGRAM HAS BEEN TERMINATED. BY THE USER



Input stand

Appendix 2. Flow Chart Diagram of Yellow-Poplar Growth and Yield Program

-

characteristics
1
> > -
Number of trees Number of trees Number of trees
unknown, basal and known, basal

area known basal area known area unknown

* L
Predict

number of trees ¢ Predict
basal area
Compute stand attributes
from input data
Stand-Tevel Stand-level or Diameter
diameter distribution- distribution-level
level estimates ?

Generate
stand-Tevel
estimates of
number of trees,
basal area, and
cubic-foot and
board-foot
volumes per acre

“Recover" estimates of
Weibull parameters

—

Given parameter estimates,
derive stand table

——No—"Thin" the stand table ?]

Yes
Yes Specify the residual h
basal area desired
| Derive stand table ? J—
No "Thin" the stand table according
to the thinning algorithm

No { "Rethin" stand table to another
level of residual basal area ?

Yes L7

Yes

Do you want to make
another projection ?

No
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Appendix 3. Source Code for Yellow-Poplar Growth and Yield Program

YP0O00010
A GROWTH AND YIELD PREDICTION MODEL FOR THINNED STANDS YPC00020
OF YELLOW-POPLAR, YP000030

YPOOOO4O

YPO00050

MOMENT-BASED THREE PARAMETER WE!BULL SYSTEM WITH CONSTANT 'A'. YP000060
USES PREDICTED AVERAGE DIAMETER AND BASAL AREA TO OBTAIN YPO0OOQ70

ESTIMATES OF THE WEIBULL PARAMETERS IN ORDER TO GENERATE STAND Y¥P0O00080
TABLES FOR THINNED STANDS OF YELLOW=~POPLAR. YP0QO090 |

YP0O00100

ceemmeeesmeccssmsecm—on= meeewemmesmmcccscamaa- wmereaccscncen ~m==  YPOO0110

YP000120

YPO0O130

YPOOO 140

QUESTIONS, RESPONSES, AND OUTPUT ARE SENT TO FILE 10 (TERMINAL) YPOOO150

QUESTIONS, RESPONSES, AND OUTPUT ARE SENT TO FILE 4 (DISK) YP000160
OUTPUT ONLY IS SENT TO FILE 11 (DISK) YPOOO170
YP000180

YPO00190

YPO00200

YP000210

IMPLICIT REAL¥8 (Z) ¥P000220

REAL*Y4 NT,NT1,NT11 YP000230

DIMENSION 'DCL(50),BCL(50),VCL(50),00CL(50), BAREM(50), TREM(50), YPOO0240

:RBA{50),RNT(50), PROP(50), BAR(5C),RNTR({50),0BCL(50),BVCL(50) YP000250
COMMON/AREA1/DAVG, D2AVG,A, B, C YPO00260

COMMON/AREA2/HTCON, DMAX, HDOM YPOD0270
EXTERNAL TREEHT,ZFCV,VDIST,BDIST YP000280

YP000290

WRITE(10,100) YP0O00300
WRITE(4,100) : YPO00310

100 FORMAT{//5X, YP000320
. 'A GROWTH AND YIELD PREDICTION MODEL FOR THINNED STANDS'/SX, YP000330
:"OF YELLOW-POPLAR.'//S5X, YPOOQ340

:'A RESPONSE CAN BE ENTERED AS EJTHER |NTEGER- OR REAL-VALUED.',/{ YP0O00350

15X, 'YOU MAY ENTER : "9999" AT ANY TIME TO TERMINATE THE PROGRAM.' YPC00360
17/.21X, '"8888" AT ANY TIME TO RESTART THE PROGRAM.'//) YP0O00370
YP000380

YP000390

110 DO 120 KLM=1,50 YPOO0400
BAR(KLM)=0.0 YPOOOU10

RNTR{ KLM)=0.0 L YPOOO420

OBCL{ KLM)=0.0 YPOO0U30
ODCL({KLM}=0.0 YPOOO440
BCL(KLM)=0.0 ¥POOOH50
DCL(KLM)=0.0 ¥POOOUE0
VCL({KLM)=0.0 YPOOOUTO

BAREM( KLM)=0.0 YPO004S0

TREM{ KLM)=0.0 YPOOO490

120 CONTINUE YPO00500
¥P000510

YP000520

¥P0O00530

cmmmm———— wmmamea s cmmemmmna T -YPOO05L0
YPO00550

### |NPUT DATA YPOOO560
YPOOR570

vam—m—— ——eoa- - cemmmma———— S~ B amammmean==YPO00580
YP000590

YP000600

130 WRITE(10,140) . YP000610
WRITE(4, 140) YPOO0620

140 FORMAT(/5X,'ENTER AGE AT BEGINNING OF PROJECTION PERIOD.') YP0O00630
READ(5, *)AGE1 YPOO0640
WRITE( S, 333)AGE1 YP000650

333 FORMAT(/5X,F5.0/) YP000660
IF{AGE1.LE.90.AND,AGE1.GE.15)G0 TO 150 YPOD0670
{F(AGE1.EQ.9999) GO TC 730 YPO00680
IF(AGE1.EQ,8838)C0 TO 710 YP000690

CALL RANGE{AGE1,1,RESP) YPOO0700
1F(RESP.EQ.1)GO TO 130 YP0OOG710
IF{RESP.EQ.0)GO TO 150 ¥PGO0T20
IF(RESP.EQ0.9999 )GO TO 730 YPC00730

I F(RESP.EQ.8888)G0 TO 710 YPOOOT40

T L



150 WRITE(10,160)
WRITE(L, 160)

160 FORMAT(/5X ENTER AGE AT END OF PROJECTION PERI0D.'//)

170 CONTINUE R
READ(5, *)}AGE2
WRITE(Y,333)AGE2
s (AGE2.EQ.9999) GO To 730

(AGE2.EQ.8888)G0 TO 710

{AGE2.LT.AGET)WRITE( 10, 180)AGE2, AGE1

{AGE2.LT. AGE1)WRITE(h 180)AGE2, AGE1

RMAT(//5X, ' PROJECTED AGE OF', F5. 0,1X,

S LESS THAN INITIAL AGE OF',F5.0,

X, 'YOU MUST REENTER AGE AT END OF PROJECTION PERIOD N

(AGE2 LT.AGE1)GO TO 170

(AGE2.LT.90.AND.AGE2.GT.15)G0 TO 190

LL RANGE(AGE2,1,RESP)

(RESP.EQ.1)GO TO 150

(RESP.EQ.0)GO TO 190

RESP.EQ.9999.0)G0 TO 730

Egs %Q .8888)G0 TO 710

0
)ENTER SITE |NDEX (BASE AGE 50).')

s
33)SIT
TE.GT.75.AND.SITE.LT. 140)G0 TO 210
TE.EQ.9999) GO TO 730
TE.EQ.8888)G0 TO 710
RANGE(SITE, 2, RESP)
ESP.EQ.1)G0 TO 190
ESP.EQ.0}GO TO 210
(RESP.EQ.9999)G0 TO 730
| F(RESP.EQ.8888)G0 TO 710
210 WRITE(10,220)
WRITE( Y, 220)
220 FORMAT(/BX EITHER NUMBER OF TREES OR BASAL AREA'
1/5X, ' PER ACRE MUST BE KNOWN.'//)
WRITE(10,230)
WRITE(Y, 230)
230 FORMAT(5X, 'ENTER BASAL AREA PER ACRE AT BEGINNING'/
+11X, 'OF PROJECTION PERIOD IF KNOWN, '/11X, 'OTHERWISE ENTER 0.')
READ(S, #)BA11
WRITE(L, 333)BA11
IF(BA11.LT.210.AND.BA11.GT.25.0R.BA11.£Q.0)G0 TO 240
IF(BA11.EQ.9999) GO TO 730
IF(BA11,EQ.8888)G0O TO 710
CALL RANGE(BA11,3,RESP)
IF
IF
i

180

Pamn—-—Ommam

190 WRIT

———wqu'
X O

x
@
-
———O———Mm, B MM — =) — =
PV~ ~TmmmT

(RESP.EQ.1)GO TO 210
(RESP.EQ.0)GO TO 240
F(RESP.EQ.9999)GO TO 730
| F(RESP.E£Q.8888)G0 TO 710
240 IF(AGET1.EQ.AGE2)WRITE(10, 250)
| F(AGE1.EQ. AGEZ)WRITE(U 250)
250 FORMAT(/SX 'SPECIFY NUMBER OF TREES PER ACRE |f KNOWN'/
:13X, 'OTHERWISE ENTER 0.
IF(AGEZ GT.AGE1}WRITE{10,260)
| F(AGE2.GT.AGE1 )WRITE(4, 260)
260 FORMAT(//SX,'FOR PROJECTION OF STANDS, '/5X,
:"ENTER THE KNOWN NUMBER OF TREES OR THE NUMBER OF TREES' /5X,

"OBTAINED FROM A PREV!OUSLY PREDICTED STAND TABLE IF POSSIBLE,’,

t/5X, 'OTHERWISE ENTER 0.0.'/)

READ(5 *INTT11

WRITE(4,333)NT 11
(NT11.GT.30.AND.NT11.LT.425)G0 TO 280
BA11.EQ.0.AND.NT11.EQ,0)WRITE(10,270)
BA11.EQ.0.AND.NT11.EQ.0)WRITE(4,270)
NT11.£Q.9999) GO _TO 730
NT11.£Q.8888)G0 TO 710

YP0O00750
YPQO0760
YPO0O770
YPOQ0780
YPOOO790
YPO00O800
YPO00810
YP000820
YP0O00830
YPOOQ8LO
YPO0O0850
Y.PO00Q860
YPOO0870
YPOO0880
YPO00890
YPO00900
YP000910
YPO00920
YPQ0O0930
YPOOOQ4O
YPQO0950
YPOO0960
YPO0O0O970
YPOON980
YP0O00990
YP0OQ1000
YP0O01010
YP001020
YP0Q1030
YPOQ104Q
YP0O01050
¥PQO1060
YP0O01070
YPO01080
YPQ0O1090
YP001100
YPOO1110
YP001120
YP001130
YPOO1140
YPOO1150
YPOO1160
YPOQ1170
YPOO1180
YP001190
YPO01200
YP001210
YP001220
YP001230
YP0OO1240’
YP001250
YP0O01260
YP0O01270
YPOQ 1280
¥PO0 1290
YP001300
YP0O01310
YP0O01320
YP001330
YPOO1340
YPO01350
YPOO1360
YPOO1370
YPO01380
YPO01390
YPOO1400
YPOO1410
YPOO1420

49



270 FORMAT(/5X,'YOU HAVE INDICATED THAT BOTH BASAL AREA'/ YPOO 1430
:5X, 'AND NUMBER OF TREES PER ACRE ARE UNKNOWN.') YPOO1440
{F(BA11.EQ.0.AND.NT11.EQ.0)GO TO 210 ' . YPOO1450
IF(NT11.EQ.0)G0 TO 280  YPOOTW60
CALL RANGE(NT11,4,RESP) YPOO1470
IF(RESP.EQ.1)GO TO 240 . YPOO1480
I F(RESP.EQ.0)GO TO 280 YPOO1490
I F(RESP.EQ.9999)GO TO 730 * YPOG1500
I F(RESP.EQ.8888)G0 TO 710 YP001510
280 wRiTE(10 290) , YP0OQ1520
WRITE(4,290) YPOO01530
290 FORMAT(/SX, ENTER NUMBER OF PREVIOUS THINNINGS AS:'/ . YPOO1540
$12X, o IF STAND HAS NOT BEEN PREVIOUSLY THINNED,'/ - YPOO1550
112X, IF STAND HAS BEEN PREVIOUSLY THINNED ONCE,'/ : YPOQ1560
112X, 2 IF_STAND HAS BEEN PREVIOUSLY THINNED MORE THAN ONCE.‘) YPOO1570
READ(5, *)TTHINS : YPOO1580
WRITE( b, 333)TTHINS YPOG1590
IF(TTHINS.EQ.1.0R. TTHINS. £Q.2.OR, TTHINS.EQ.0)GO TO 300 YPOO1600
I F(TTHINS.EQ.9999) GO TO 730 YPOG1610
IF{TTHINS.EQ.8888)G0 TO 710 YPO01620
60 TO 280 YPO01630
c YPOO1640
c YPOQ1650
c YP001660
C = eeeemaees B L emeeeeaaan ~==e=YPO01670
c YPO0 1680
C ###% COMPUTE STAND ATTRIBUTES - YP001690
c YPO01700
C = eesmmicabaea- mceevdecscemacoan mecemeccaena R —— T S AL
c , YP001720
c YPO01730
c YPOO1740
c COMPUTE INITIAL NUMBER OF TREES PER ACRE YPOO1750 -
c YPO0O1760
300 IF(NT11.EQ.0.)CALL TREES(AGE1 BA11,SITE, TTHINS,NT1) YPOO1770
FF(NTT1,GT.0. )NT1=NTI YPOO1780
c YPOO1790
c YPOO1800
c COMPUTE INITIAL BASAL AREA PER ACRE “YP0OO1810
c YPOO1820
I F{BA11,EQ.0. )CALL BASAL{AGE1,SITE,NT1,TTHINS,BA1) . YP0O01830
1F{BA11.GT.0. }BAT=BAT1 '
c
c
c

310 WR|TE(10 320)
WRITE(4, 320

Y POO
320 FORMAT(/SX )ENTER 1 FOR WHOLE STAND GROWTH AND YIELD ESTIMATES ’ngg}g?g
YP0OG1920
YP001930
YPOQ 1940
YP0O01950
YP00O1960
YPOQ1970
¥POO1980

:/8X,'0R 2 FOR DIAMETER DISTRIBUTION LEVEL ESTIMATES ‘7/)
READ(5,*)RESP
WRIT ,333)RESP
: (RESP.EQ.1)GO TO 330
(RESP.£Q.2)GO TO 350
(RESP.EQ.9999)G0O TO 730
(RESP.EQ.8888)GO TO 710
GO TO 310
330 FF(TTHINS.EQ.0.OR.TTHINS.EQ. 1. )BA=EXP((AGE1/AGE2)*ALOG(BA1)
H +4.11893/0.97473%( 1. -(AGE1/AGE2))
t 7. +0,01293/0.97473*#SITE#( 1, =«(AGE1/AGE2)))
IF{TTHINS,.EQ.2)BA=EXP( {AGE1/AGE2)*ALOG(BA1)
1 - +5,84476/0.98858%(1,-(AGE1/AGE2))
. +0.00018/0. 98858*$ITE*(1.-(AGE1/AGE2))) i
IF(TTHINS EQ.0.OR.TTHINS.EQ. 1) N ;)
: CFV=EXP(5,35740 - 102,.45728/SITE = 21.95901/AGE2
+ 0.97473*ACE1/AGE2*ALOG(BAT) + 4.11893%(1. -AGE1/AGE2)
+ 0.01293*SITE*{1.~AGE1/AGE2))
IF(TTHINS £Q.2)
CFV=EXP(5.33115 - 97.95286/SITE - 25. 1932”/AGE2
+ 0.98858*AGE1/AGE2*ALOG(BAT) + 5.84476%*(1. -AGE1/AGE2)
+ 0.00018*SITE*(1,-AGE1/AGE2))
BFV-1363 09165 ~ 306.9664T#BA + 10.26187#CFV
1F(BFV.LT.0.0)BFV=0.0

E{L
IF
| F
IF
|F

50
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WRITE(10,3U40)AGET, SITE, AGEZ, TTHINS, BA1,CFV, BA, BFY
WRITE(4, 340)AGE1, SITE, AGE2, TTHINS, BA1, CFV,BA, BFY
WRITE(11,340)AGET, SITE, AGE2, TTHINS, BA1,CFV, BA, BFY

340 FORMAT( /5X, 'WHOLE STAND GROWTH AND YIELD ESTIMATES'/

SX,U1('="),//,5%, " INITIAL AGE =',F5.0,Tuo,

YP002160
¥P002170
YP002180
YP002190
YP002200
YP002210

#SITE INDEX (BASE AGE 50) =',£5.0,/5X, ' PROJECTED AGE =',F5.0,Tu0, YP002220

F6.1,T40, 'CUBIC-FOOT VOLUME =',F9.1,//5X

?'NUMBER OF PREVIOUS THINNINGS =',F3.0,//5X,  INITIAL BASAL AREA =

¥, vPoo2230
YP002240

"PROJECTED BASAL AREA =',F6.1,T40,'BOARD:FO0T VOLUME =',F9,1////) YP002250

GO TO 685

COMPUTE THE FOLLOWING PREDICTED STAND ATTRIBUTES :

= MINIMUM STAND DIAMETER, DMIN

~ AVERAGE STAND D!AMETER, DAVG

~ AVERAGE SQUARED STAND DIAMETER, D2AVG
- BASAL AREA PER ACRE, BA

= AVERAGE HEIGHT OF THE DOMINANTS AND CODOMINANTS, HDOM

350 CALL MOMENT(TTHINS,AGE1,AGE2,SITE, BA1,NT1, NT, HOOM,

DM1IN, DAVG, D2AVG, BA)

COMPUTE PORTION .OF HEIGHT EQUATION FOR EASIER CALCULATIONS LATER
HTCON=3,70051-0.02828+*ALOG(BA)~138.35633/AGE2+0.04010#SITE -

A'= LOCATION PARAMETER

B = SCALE PARAMETER

C = SHAPE PARAMETER
A = DMIN *0.50
IF(A,LE.0.5) A = 0.5

CALL WEIB(DAVG,D2AVG,A,1.,5.,B,C,X1P,X2P, | ER)
WRITE(11,123)A,8,C ,DAVG, D2AVG

123 FORMAT(/5X,'A, B, C, =',3F12.8/5X,2F12.4//)

*## GIVEN THE PARAMETER ESTIMATES, DERIVE THE STAND TABLE

- s D > - . - - P L L
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[eXeXeoXe)

DETERMINE THE LARGEST DIAMETER CLASS, DMAX, AS THE LAST .

DIAMETER CLASS CONTAINING AT LEAST 1/2 TREE PER ACRE.

1=A+0.5
DL=A+0.01
DU=140.5
360 DDCL=NTH*{EXP(~{((DL-A)/B)#**C))=EXP(=({{ A)/B)**C)))
IF(DFLOAT(l).GT.DAVG.AND.DDCL.LT.0.50)
DMAX=DFLOAT( 1)~
l=1+1
DU=14+0.5
DL=1-0.5
GO TO 360
370 CONTINUE

WRITE(10,380)
WRITE(U4,380)
) WRITE(11,380)
380 FORMAT(/////}
WRITE(10,390)
WRITE(4,390)
WRITE(11,39 0)
390 FORMAT(2 X, ' PREDICTED STAND/STOCK TABLE'/)
WRITE(10,400)
WRITE(4, b

WRITE(1
uoo FORMAT(

0)
00
,'%OTAL' Thu, 'TOTAL' T54, 'INTERNATIONAL 14/
9,'TREES‘ T17 'BASAL’ AREA' T31,"HEIGHT',
-FooT’ T5h‘ BOARD-FOOT VOLOME'
T9,'(/AC) T17
',T31, '(FEET) ,Tu1

) "VOLUME (08)',
+,’8=1k 0B TOP'/72(

QO0OOO0

COMPUTE THE PREDICTED DISTRIBUTIONS.
DCL(1)=TREES IN ITH DIAMETER CLASS
BCL( | )J=BASAL AREA IN ITH DIAMETER CLASS
VCL( ! )=VOLUME IN ITH DIAMETER CLASS

[afe o)

—~O OCO-
[eX=)=)

P»P+OO0O0

o
z
Crz=x
REEE

Plw

(=]
wo
prs

DD=F

o

r

U
->»0

DU =
410 DCL( 1)
BCL( 1) NT*GAUS(BDIST,DL,DU,10)
VCL( 1) NT*GAUS(VDIST,DL,DU,10)
HTCL=TREEHT(DD) )
IF(DCL(}).GE.O0.10,AND. IDMIN.EQ.O)DDMIN= DFLOAT(I)
IF{DCL(!).GE.0.10)1DMIN=1
IF(DCL(I) LT.0.10)G0 TO 440
Dsu DSUM + DCL(1)

BSUM = BSUM + BCL(I)
VSUM = VSUM + VCL{ 1)
BVCL( | }=0.0

1F{DU.LE.10.5)GO TO 420
TCVOB=0.010309 + 0.002399*DD*DD*HTCL
CVOB8=TCVO8*(1,0-0.50075%(8.0%**2,09311/DD**1,88125))
BURKV=CVOB8*(6.1670 + 8.4641*DD/HTCL - 249,2500/HTCL)
BVCL( 1 )=BURKV*DCL( |)
420 BYSUM=BVSUM+BVCL(!)
0DCL( 1)=DCL( )
0BCL( 1)=BCL( 1)
IVINT=VCL(1)+0.5
IBVINT=BVCL(1)+0.5
IHTCL=HTCL+.5

0.
NT * (EXP(~-(((DL-A)/B)*#C})) = EXP{=(((DU=A}/B)**C)))

YP002780
YP002790
YP0D2800
YP002810
YP002820
YPO02830
YP00284LO
YP002850
YPO0N2860

- ¥POO2870

YPO02880
Y£002890
¥PO02900
YPQ02910
¥P002920
YP002930
YPO029110
YP002950
YP002960
YP002970
YP002980
YP002990
YP003000
YP003010
¥P003020
YPO03030
YPOD3040
YPO03050
YPO0O3060
YPO03070
YP003080
YPO03090
YPOD3100
YP0O03110
YP003120
YP003130
YPO03140

~ ¥P003150

YP0O03160
YPO03170
YP003180
*¥PO03190 -
YRD03200
¥Ab03210

YPOO3
) YM@B%G‘

YF003240
YP003250
YP003260
YP003270
YP003280
¥P003290
YPO03300
YP0O03310
YP003320
YP003330
YPOO3340
YP003350
YPO03360
YP003370
YP0O03380
YP0OQ3390
YPOO 3400
YPOO3410
YPOO3420
YPOO3430
YPOO3440
YPOO3450
YPOO3460
YPON3470
YPOO3480
YPOO3490
YPO0Q3500
YP0Q3510
YP003520




oo

450 FORMAT(72( -

WRITE(10,430) 1,DCL(1),BCL{ 1), HTCL, IVINT, IBYINT

WRITE(4,430) 1,DCL(1),BCL{ 1), IHTCL, IVINT, I1BVINT

WRITE(11,430) 1,DCL(!),BCL( 1), /HTCL, IVINT, IBVINT
430 FORMAT(T3,12,78,F6.1,T16,F8.1,T30,15,Tu0,18,T54,110)
440 1 = | + 1

DD=FLOAT(!)

BU =1 + 0.5

DL =1 - 0.5 .

IFF(DFLOAT(1).LT.DMAX)GO TO 410

DU=DU+5.0

DCL( I )=NT-DSUM
BCL( 1 )=BA-BSUM
VCL{ | )=NT*GAUS(VDIST, DL, DU, 10)
DD=FLOAT( 1)
HTCL=TREEHT(DD)
BVCL( | )=0.
I F(DMAX.LE.10.5)G0 TO 445
TCVOB=0.010309 + 0.002399*DD*DD*HTCL
CVOB8=TCYOB*(1,0-0,40075%(8.0#*2,09311/DD*#1,88125) )
BURKV=CVOBEB*(6.1670 + 8.4641*DD/HTCL - 249,2500/HTCL)
BVCL( | )=BURKV#*DCL( | }

445 0DCL( | )=DCL( 1)

OBCL( I )=BCL{I)
IVINT=VCL( }')+0.5
IBVINT=8BVCL(1)+0.5
FHTCL=HTCL+.5
WRITE(10,430) 1,0CL(1},BCL({)), IHTCL, IVINT, IBVINT
WRITE(4,430) 1,DCL(1),BCL(1), IHTCL, IVINT, IBVINT
WRITE(11,430) 1,DCL(1),BCL(1), IHTCL, IVINT, IBVINT

DSUM=DSUM+DCL( | )

BSUM=8SUM+BCL( 1 )

VSUM=VYSUM+VCL( | )

BVSUM=BVSUM+BVCL( |}
QAVG=(BSUM/(0.005454154#DSUM) ) ##0_ 5
IVSUM=VSUM+0.5
| BVSUM=8VSUM+0. 5
WRITE(10,450) DSUM,BSUM, IVSUM, IBVSUM
WRITE(4,450) DSUM,BSUM, 1VSUM, | BVSUM
WRITE(11,U50) DSUM, BSUM, | VSUM, | BVSUM

), /' TOTAL' ,T7,F7.1,T16,F8,1,732,3('~"),
:T4O, 18,T54,110)

IAGE1=AGE1+.5
1BSUM=BSUM+, 5

IAGE2=AGE2+, 5

1DSUM=DSUM+. 5

ISITE=SITE+.5

1BA11=BA11+.5

INT11=NT11+.5

ITHIN=TTHINS

| HDOM=HDOM+_ 5

WRITE(10,460) | AGE1, IBSUM, |AGE2, IDSUM, 1SITE,DDMIN, IBA11, QAVG,
:INT11,DMAX, ITHIN, |HDOM, I VSUM, | BYSUM

WRITE(11,460) AGE1, IBSUM, IAGE2, IDSUM, ISITE,DDMIN, IBA11, QAVG,
1 INT11,DMAX, ITHIN, LHDOM, 1 VSUM, | BYSUM

WRITE(4,460) |AGET, |BSUM, I AGE2, IDSUM, ISITE, DDMIN, I1BA11, QAVG,
1 INT11,DMAX, ITHIN, THDOM, 1 VSUM, | BYSUM

460 FORMAT(////,5X, 'STAND TABLE SUMMARY'/S5X,19('=')//

:"INPUT SUMMARY :',739, 'PROJECTION SUMMARY :'//
t'INITIAL AGE =',13,T39,

:"BASAL AREA (SQ FT/AC) =', 14/

:"PROJECTED AGE =',13,T39,

: 'NUMBER OF TREES (/AC)=', It/

:'SITE INDEX (FT,BASE AGE 50 FT) =',i4,T39,
:'MINIMUM DIAMETER (IN) =',F5.1/

:TINITIAL BASAL AREA (SQ FT/AC) =',14,739,

: 'QUADRATIC MEAN DIAMETER (IN) =',F5,1/
:'NUMBER OF TREES (/AC) =',I4,T39,

:'MAXIMUM DIAMETER (IN) =',F5.1,

: 'NUMBER OF',T39, 'AVERAGE HEIGHT OF DOMINANTS', /
¢'PREVIOUS THINNINGS ="', |4, Tul,

:'AND CODOMINANTS (FT) =',iu,/T39,

:'CUBIC-FOOT VOLUME =',18,/7X,T39,
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W

'BOARD-FOOT VOLUME =',18/T39 ¥POQU270

'(11 IN+ TO AN 8-IN oe ToP) ' //) YPOOU280

©. YPOOU290

YPOOK300

¥ POOK310

YPOO4320

470 WRITE(10 480) YPOOL330

WRITE(4,480)  YPOOU340

480 FORMAT(/////SX DO _YOU WANT TO THIN THE STAND AT THIS TIME? //; i ¥POQU3S50

:10X, 'ENTER 1 FOR YES'/16X,'0 FOR NO'/) ; i YPOOUIE0

READ(5, *)DTHIN e YPOOL3TO

WRITE(S,333)DTHIN YPOO4380

IF(DTHIN.EQ.0) GO TO 690 i VPOOL3IF0
IF(DTHIN.EQ.1)GO TO 490 ¥POOLUOO -

IF(DTHIN.EQ.9999) GO TO 730 YPOOKU10

IF(DTHIN.EQ,8888)GC TO 710 YPOOUL20

GO TO 470 YPOOUL3O

YPOOLLLO

YPOOLYH50

: - ‘ - YPOOUYU60

L LT meeeeemeaa LTt N mm————— cmmemmdmmsesemaasensYPOOUUTO

. YPOOLLSBO

THIN THE PREDICTED STAND TABLE SN POOLLID

» * YPOOUS500

dmecmcmene—— T T cmmemcmena emmmeeamecsscsccen e nd e ke a s YPOOY 510

T UYPOON520

o NPO0US30

0OQO000000

490

. Q

500

510
520

540

[eXeToNe]

a
.

KK=DDMIN+0.5 Q04540
JJ=DMAX+0 .5 ¥POOL550
4 YPOQU560

KKK=0 <5 ¥POOKBTO
1J=0 LYPOOUES0
WRITE(10,510) YPOO4590
WRITE(4,510) POOUE00
FORMAT(/5X, ' SPECIFY THE RESIDUAL BASAL AREA 'DESIRED') YPOO4610
CONT INUE “YPO04620
READ(5,*)RESID YPOOL630
WRITE(#,333)RESID YPOOU6L0
IF{RESID.EQ.9999)G0 TO 730 © YPOOU650
|F(RESID.EQ.8888)G0 TO 710 , YPOOLEEO

| F(RESID.GT.BSUM)WRITE( 10,530 )BSUM SR YPOQUET70
IF(RESID.GT.BSUM)WRITE(4,530)BSUM YPQOL68T
FORMAT(//5X, 'RESIDUAL BASAL AREA SPECIFIED IS GREATER THAN'/ XPO :

5X, 'CURRENT BASAL AREA OF STAND REENTER ANOTHER'/5X,’

TRESIDUAL BASAL AREA VALUE.'//10X,'CURRENT BASAL AREA

|F(RESID.GT.BSUM)GO TO 520 p :

|F{RESID.LE.O)WRITE( 10,540 )8SUM

IF(RESID. LE O)WRITE(4,540)BSUM 8
FORMAT(/5X, 'RESIDUAL BASAL AREA MUST BE GREATER THAN ZER
"REENTER RESIDUAL BASAL AREA.'//10X,'CURRENT BASAL AREA =i
|F{RESID.LE.O)GO TO 520

RRBA=BASAL AREA TO REMOVE IN THINNING

RRBA=BSUM-RESID
FIMIN=Q
TBREM=0.0
TFBKEP=0.0
TFTKEP=0.0
TFVKEP=0.0
TBVKEP=0.0
WRITE(10,380)
WRITE(Y,380)
WRITE({11, 380)
WRITE(10,550)
WRITE(4,550)
WRITE(11 550)

550 FORMAT(23X 'STAND/STOCK TABLE AFTER THINNING' /)

54
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o Qo000 o0o000
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570

580

590

600

620

WRITE(Y4,400)
WRITE(10,400)
WRITE(11,400)

REMOVE NUMBER OF TREES, BASAL AREA, AND VOLUME FROM EACH
DIAMETER CLASS ACCORDING TO THE THINNING ALGORI!THM

DO 580 I=KK,JJ

YPOOQU960
YPOO4970
YPOOU980
YPOQU990
YP0Q5000
YP0O05010
YP00G5020
YP005030
YPOO5040

CALL BACL(DZAVG,I,DCL,BCL,PROP,RNT,RBA,BAR,RNTR,RRBA,TBREM,KKK,YP005050

H 1J,0BCL, TTHINS)

BAREM ACCUMULATES BA REMOVED/CLASS
TBREM ACCUMULATES TOTAL BA REMOVED OVER ALL GLASS
TREM ACCUMULATES NT REMOVED/CLASS

BAREM( | )=BAREM( | }+BAR( I )

TBREM=TBREM+BAR( | )

TREM( | )=TREM( | ) +RNTR( I )

| F{ TBREM, GE, RRBA ) 1J=1
CONT INUE

FF( TBREM. LT. RRBA ) KKK=1
IF{ TBREM. LT.RRBA)GC TO 570

FBKEP ACCUMULATES BASAL AREA KEPT/CLASS

FTKEP ACCUMULATES NUMBER OF TREES KEPT/CLASS

FVKEP ACCUMULATES CUBIC-FOOT VOLUME KEPT/CLASS

FVREM ACCUMULATES CUBIC=-FOOT VOLUME REMOVED/CLASS

FBVKEP ACCUMULATES BOARD~FOOT VOLUME KEPT/CLASS

FBYREM ACCUMULATES BOARD-FOOT VOLUME REMOVED/CLASS

TFBKEP AND TFTKEP ACCUMULATE BA AND NT KEPT OVER ALL CLASSES
TFVKEP AND TBVKEP ACCUMULATE VOLUMES KEPT OVER ALL CLASSES

DO 620 I=KK,JJ
© DD=FLOAT( ) ’
IHTCL=TREEHT(DD)+ 0.5
FBKEP=0BCL( | )=BAREM( 1)
FTKEP=0DCL( ! )=TREM( 1)
IF(ODCL(1).GT.0)FVKEP=( FTKEP/ODCL(1))*VCL{ 1)
IF(ODCL(1).EQ.0)FVKEP=0.0
IF(ODCL(1).GT.0)FBVKEP=({ FTKEP/ODCL( | ) )*BVCL( 1)
IF(ODCL{ ! }).EQ.0)FBVKEP=0.0
|F(FTKEP.GE.0.1.AND. FBKEP,GE.0.01)G0 TO 600
{F{FBKEP,GE.0.01)G0 TO 590
FTKEP=0.0
FBKEP=0.0
FVKEP=0.0
FBVKEP=0.0
GO TO 600
FTKEP=FBKEP/(0.005454154*DFLOAT( 1 )*DFLOAT( 1))
1F(ODCL(1).GT.0.0)FVKEP=( FTKEP/ODCL{!))*VCL( 1)
tF{ODCL(1).EQ.0)FVKEP=0.0
1F(ODCL(1).GT.0.0)FBVKEP={ FTKEP/ODCL{ | ) }*BVCL(!)
| F(ODCL{1).EQ.0)FBVKEP=0.0
TFBKEP=TFBKEP+FBKEP
TFTKEP=TFTKEP+FTKEP
TFVKEP=TFVKEP+FVKEP
TBVKEP=TBVKEP+FBVKEP
IF(FTKEP.GE.O.1.AND. | IMIN.EQ.QO)DDMIN=1
|F(FTKEP,GE.OQ. 1)1 IMIN=1
IVKEP=FVKEP+0.5
IBVKEP=FBVKEP+0.5
IF{FTKEP,EQ.0.0) IHTCL=0
WRITE(10,430) |, FTKEP, FBKEP, IHTCL, | VKEP, IBVKEP
WRITE(L4,430) 1, FTKEP, FBKEP, IHTCL, I VKEP, IBVKEP
WRITE(11,430)1, FTKEP, FBKEP, YHTCL, | VKEP, IBVKEP
CONTINUE
QQAVG=( TFBKEP/( TFTKEP*0, 005454154 ) }##0 5
| TVKEP=TFVKEP+0.5
| TBKEP=TBVKEP+0.5
WRITE(10,450)TFTKEP, TFBKEP, ITVKEP, ITBKEP
WRITE(4,450)TFTKEP, TFBKEP, | TVKEP, 1 TBKEP
WRITE(11,450)TFTKEP, TFBKEP, | TVKEP, | TBKEP

YPO05060
YPOO5070
YPO05080
YPC05090
YP005100
YP005110
YP005120
YP005130
YPO0O5140
YPGO5150
YPO0O5160
YPOO5170
YPO0O5180
YP035190
YP005200
YP0O05210
YPO05220
YP005230
YPO052140
YP005250
YP005260
YP0O05270
YP005280
YP005290
YP0O05300
YP005310
YP005320
YP005330
YPOO5340
YP005350
YP005360
YPO05370
YPG05380
YPO053590
YPOO5400
YPOO5410
YPOO5420
YPOO5430
YPOO5440
YPOO545G
YPOO5460
YPOO5470
YPOG5480
YPOO5490
YP005500
YPGO5510
¥P005520
YPO05530
YP0O055140
¥POO5550
YPO05560
YP005570
YPOO5580
YP005590
YPG05600
YP005610
YP005620
YP005630
YPOOS5640
YPCO5650
YP005650
YPO05670
YPO05680
YPOC5690



[eXe]

TTREM=DSUM-TFTKEP

|VREM=VSUM=TFVKEP+0.5

1 BVREM=BVSUM-TBVKEP+0.5
1VSUM=VSUM+0.5
1 BVSUM= | BVSUM+0.5

000

IAGE2=AGE2+.5
1SITE=SITE+.5
ITFBK=TFBKEP+.5
IDSUM=DSUM+.5
| TTREM=TTREM+.5
1BSUM=BSUM +.5
I RRBA=RRBA+. 5.
WRITE( 10,640

. 1DSUM, I TTREM, IB
WRITE(17,640) 1A
: IDSUM, I TTREM, 1B
WRITE(Y4,640)!1AG

) IAGE2, I TFBK, I SITE, I TVKEP, DDMIN, | TBKEP, QQAVG, DMAX,

SUM, IRRBA, | VSUM, | VREM, | BVSUM, | BYREM

GE2, ITFBK, ISITE, ITVKEP,DDMIN, I TBKEP, QQAVG, DMAX,
SUM, |RRBA, 1VSUM, | VREM, | BVSUM, | BVREM

E2, ITFBK, ISITE, I TVKEP,DOMIN, I TBKEP, QQAVG, DMAX,

: 1DSUM, | TTREM, |BSUM, IRRBA, IVSUM, IVREM, | BYSUM, | BVREM

640 FORvAT(//{/,3X,'STAND TABLE SUMMARY AFTER THINNING'/3X,3u4('-')//
$3X,'AGE =',13
: T4y, ' BASAL AR

:Tuu"CUBIC-FOOT VOLUME =',1
3%, TMINIMUM DIAMETER (IN) =
: Tuly, 'BOARD=-FOOT VOLUME =",
:3X, 'QUADRATIC MEAN DIAMETER
IN+ TO AN 8~IN OB T
:/3X, "MAXIMUM DIAMETER (IN)=';

:3X,{SITE INDEX (FT, BASE AGE
T

(Tub, T(11

:///3%, '"NUMBER OF TREES (/AC) PRIOR TO_THiIN
:3X, "NUMBER OF TREES {/AC) REMOVED I[N THINN
:+//3%, 'BASAL AREA (SQ FT/AC) PRIOR TO THINN

N

://3X, 'CUBIC-FOOT VOLUME PRIOR TO THINNI
13X, 'CUBIC=FOOT VOLUME REMOVED IN THINNI|
"+ //3X, 'BOARD-FOOT VOLUME PRIOR TO THINNI
:3X, "BOARD-FOOT VOLUME REMOVED IN THINNI

o0 OO0

WRITE(11,380)

650 WRITE(10,660)
WRITE(4,660)

660 FORMAT(//5X,'DO YOU WA
HER LEVEL

:/SX"TO ANOT
15X, 'ENTER 1
READ( 5, *)RESP
WRITE(4,333)RESP
IF(RESP.EQ.0)GO TO 690
. | F{(RESP.EQ.9999)G0 TO 730
' 1F{RESP.EQ.8888)G0 TO 710
1F{RESP.NE.1)G0 TO 650

[¢Xe]e]

670 CONTINUE

EA (SQ FT/AC) =',15/
50 FT) =', 14,
¥4
,FS.1,
=',18/
(IN) =',F5,1,
or)’,
5.1,
NING =',15,/
ING =',15,
ING =',15,/
NNING =', 15,
NG =',18,/
NG =',18,
NG =',18,/
NG =',18/////)

NT TO RETHIN THE PREDICTED STAND TABLE',
OF RESIDUAL BASAL AREA ?7',//

FOR YES'/11X,'0 FOR NO')

REINITIALIZE VARIABLES TO RETHIN STAND TABLE

YP0O05700
YPOO5710
YP0OQ5720
YPOOQ5730
YPOO5740
YPOG5750
YPO05760
YPOQ5770
YPO05780
YP0O05790
YPO0O5800
YPOO5810

“¥P005820

¥P0O05830

*YPOO5840

YPO05850
YP0O05860
YP005870
YPO05880
YP005890
YP0O05900
YP0O05910
Y P005920
YP0O05930
YPOO5940
Y PO05950
YP005960
YP005970
YP005980
YPOO5990
YPOQ6000
YPOO6010
YP0O06020
YPO06030
YPOO6QU0
YPC06050
YP0O06060
YPO06070
YPO06080
YP0O06090
YPO06100
YPO06110

- YPO06120
© YPOO6130

YRO06140
YRO06150
YPO06160
YPO06170
YP0O06180
YPO06190
YP006200
¥YP006210
YP006220
YPO06230
YPOO6240
YPO0O6250
Y PO06260
YP006270
YP006280
YP006290
YPO06300
YP006310
YP006320
YP006330
YPO06340
YPO06350
YPON6360
YPO06370
Y PQ06380
Y¥PO06390
YPOO6400




[eX2XoXe]

O 000N 0OO0

WRITE( b, 680)RESID YPOO6L420
680 FORMAT(//5X, ' THE RESIDUAL BASAL AREA PREVIOUSLY SPECIFIED WAS',  YPOOG430
2 YP00ci50
60 T0 500

..----3--------------------- -------- mmemmmmemrenmeeen—- ceeememneaaYPOOELE0
YPOOG4TO0

YPOO6480

YPOO6490

685 WRITE(4,686) YP0OO6500
WRITE{10,686) YPO06510
WRITE(11,686) YPQ06520

: 686 FORMAT;//sx DO YOU WANT THE CORRESPONDING STAND TABLE 2°' YPO06530
1 /710X, 'ENTER 1 FOR YES'/16X,'0 FOR NO') YPOO6540
READ(S5,*)RESP YPO06550 .
WRITE(&, 333 )RESP YPOO6560

i F(RESP.EQ.1)G0 TO 350 YPO06570
IF{RESP.EQ.0,)GO TO 690 ¥POO6580
IF(RESP.EQ.8888)G0 TO 710 YP0O06590
IF{RESP.EQ.9999)GO TO 730 YPOO6600

GO TO 685 YPG06610

690 WRITE(10,700) YP006620
WRITE(4, 700) YPO06630

700 FORMATS//SX DO_YOU WANT TO MAKE ANOTHER PROJECTION ?° YPO06640
://10X, "ENTER 1 FOR YES'/16X,'0 FOR NO') YPO0O6650
READ(5,* )RESP YPO06660
WRITE( &, 333 )RESP YPO06670
IF(RESP.EQ.1)G0 TO 110 YPO06680
{F(RESP.EQ.8888)G0 TO 710 YP006690
IF(RESP,EQ.0.0OR.RESP.EQ.9999)G0 TO 730 YPOOE700

GO TO 690 YPO06710

710 WRITE(10,720) YPO06720
WRITE(4,720) YPO06730

720 FORMAT(///5X,'PROGRAM HAS BEEN RESTARTED'///) YPOO6740
GO TO 110 YPO06750

730 WRITE(10, 7u0) YPO06760
WRITE(4, 740) YPOQGT770

740 FORMAT(//5X,'THE PROGRAM HAS BEEN TERMINATED 8Y THE USER' //) YPG0O6780
$TOP YP006790

END YP00O6800

) YPO0E810
YPO06820

YP006830

YPOO6840

YPOQ6850

vmmmenae e R B el D e e wmmnesaYPOO6860
YPOO68T0

### SUBROUTINES AND FUNCTIONS YPO06380
) YPO06890

ceammm—ada T D D P R “esm=meeaYPOOS900
YP006910

YP006920

YP006930

Y POO6ILO

SUBROUTINE RANGE(SICK, I VAR, RESP) YP006950
YPO06960

1F(( IVAR.EQ. 1.AND. (SICK.LT.5,0R.SICK.GT.150)).0R. YPO06970

¢ (IVAR.EQ.2.AND.{SICK.LT,40.0R.SiCK.GT.200)).0R. YP006980

¢ (IVAR.EQ.3.AND.(SICK.LT.15,0R.SICK.GT.300)).0R, YP006990

t  (IVAR.EQ.U4.AND.(SICK.LT.15,0R.SICK.GT.600}))GO TO 170 YPC0O7000
WRITE{10,100)S1CK YPOO7010
WRITE(Y, 100)SICK YPOO7020

100 FORMAT(/5X, 'WARNING: SPECIFIED VALUE OF',F7.1,2X, YP00O7030
:'15 BEYOND DATA RANGE, YPOO 7040
114X, " ILLOGICAL OR INCONSISTENT RESULTS MAY BE OBTAINED. ") YPOOT050

IF{ IVAR.EQ. TJWRITE(#4, 110) YPOOT7060

1F( IVAR.EQ.2)WRITE(4, 120) YPOO7070
VF(IVAR.EQ.3)WRITE({4,130) ¥POOT7080

TF{ IVAR.EQ.4)WRITE(4, 140) YPGQT090

IF{ IVAR.EQ. 1)WRITE(10,110) YPOO7100

IF( IVAR.EQ.2)WRITE(10,120) YPOO7110

FF( VAR, EQ.3)WRITE(10,130) YPO07120

IF{ 1VAR,EQ. 4 })WRITE({ 10, 140) YPOO7130

WRITE(10,680)RESID

YPOO6410

§7



110 FORMAT( /14X, 'DATA RANGE FOR AGE IS FROM 15 TO 90 YEARS,')

120 FORMAT(/14X,'DATA RANGE FOR SITE INDEX IS FROM 75 TO 140 FEET,')
. " )YPOOTI160

130 FORMAT{ /14X, "DATA RANGE FOR BASAL AREA 1S FROM 25 10 210 SQ.FT,
140 FORMAT{/1u4X,'DATA RANGE FOR TREES PER ACRE IS 30 TO 425,')
150 WRITE(10,160)
160 FORMAT( 14X, 'D0O YOU WANT TO SPECIFY ANOTHER VALUE?'7/
123X, 'ENTER 1 FOR YES'/
:30X,'0 FOR NO')
READ(5, *)RESP
WRITE(Y4,333 )RESP
333 FORMAT(/5X,F5.0/)
| F{RESP.NE.O.AND.RESP.NE. 1. AND,.RESP.NE,.8888.AND.
¢RESP.NE,9999)G0 TO 150
RETURN
170 WRITE(10,180)SICK
FF(IVAR.EQ. 1)WRITE(
{F(1VAR,EQ.2)WRITE(
IF(IVAR,EQ. 3 )WRITE(
IF( IVAR.EQ. 4 )WRITE(
IF(IVAR.EQ. 1)}WRITE(
IF( IVAR.EQ.2)WRITE(
IF(IVAR.EQ. 3 )WRITE(
1F{ IVAR.EQ. U4 )WRITE(
WRITE{10,190)
WRITE(Y4,190) !
180 FORMAT(/1&X"SPECIFIED VALUE OF',F7.1,2X,'1S EXTREME') :
190 FORMAT(14X,'YOU MUST SPECIFY ANOTHER VALUE TO QONTINUEf/T;X‘

RESP=1
RETURN
_END
¢
[o]
o] CALCULATE TREES PER ACRE GIVEN AGE, SITE, BASAL AREA,
c AND NUMBER OF PREVIOUS THINNINGS v : AR
[+
SUBROUTINE TREES(AGE1,BA11,SITE, TTHINS,NT1)
REAL*L NT1 .
IF(TTHINS.EQ.Q) : : K s
: TNT=6.43346+38.2483U/AGE1-0,01309%*SITE-67,25874/BA11
IF{TTHINS.EQ. 1)
: TNT=6, 12444+59,93859/AGE1-0.01911#S1TE-73.59987/8A11
TF{TTHINS.EQ.2)
: TNT=6.12335+69.03772/AGE1~0.02083#S51TE~-78,12201/BA11
NT1=EXP{ TNT)
RETURN
END
C
g
C COMPUTE INITIAL BASAL AREA FROM AGE, SITE, NUMBER OF TREES,
[ AND NUMBER OF PREVIOUS THINNINGS,
C
Cc
SUBROUT INE BASAL(AGET,SITE,NT1,TTHINS,BA1)
REAL*4 NT1
{F(TTHINS.EQ.O0) )
BAS=U4,55808=31.21173/AGE1+0.01324*51TE=77, 35908 /NT1
IF(TTHINS.EQ.1) .
: BAS=“.162H0-38.13602/AGE1+0.01606*SITE~07.19922/NT1
IF(TTHINS.EQ.2) )
: BAS=L,2u861-45.83883/AGE1+0.01566*SITE~37,.78880/NT1
BA1=EXP(BAS)
RETURN
END
c
c
c
c

YPOOT140
¥PaQ7150

YPOO7170

- YPQOT180

YPO0O7190.
YP0O07200
YPO07210
YP007220
YPOOT230
Y.POOT240
YPOO7250
YP0OOT260
YPOOQ7270
¥PO07280
Y:P007290
YPOO7300
YPO07310
YP0OQ7320
YP007330
YPQO7340
YPOOT7350
YP007360

“YPOOT370
YPOO7380

YPO07390

©CYROOTHO00

YPOOTU 10
YPOQ7420
YPQOTH30

* YPOOTHLO

YPOOTUB0
YPOO7460
YPOOTHT0
YPOOTU80
YPOOTHI0
YP0OO7500
YPOOT510
YPOQ7520
¥PO0T7530
YPOQT540"
YPOQT7550
YPOQTBE0
YPQOTET0"
YPOO7580
¥POOT590
YPOQ7600
YPOOTE10
YPQO07620
YPOQ7630 "
YPOO 7640
YPOQ7650
YPOQ7660 "
YPOOT670

" YPOO7680

YPOQ7690
YPOO7700
YPOO7710
YPOO7720
YP007730
YPOO7740
YPOO7750
¥POO7760
YPOO7770
¥P00O7780
YPOOT790
YPOO7800
YPO07810




QOO0

COMPUTE MINIMUM, AVERAGE, AND AVERAGE SQUARED DIAMETER,
AVERAGE HEIGHT OF THE DOMINANTS AND CODOM I NANTS, .AND
BASAL AREA FROM THE SPECIFIED INPUT VARIABLES.

SUBROUTINE MOMENT(TTHINS,AGE1, AGE2, SITE, BA1,NT1,NT, HDOM,
DMIN, DAVG, DZAVG BA)
REAL*H NT1,NT

IF (AGE1.LT.AGE2)GO TO 100
BA=BA1

NT=NT1

GO T0 110

100 1F(TTHINS, £Q.0.OR. TTHINS. EQ. 1)BA3={ AGE1/AGE2 ) *ALOG(BA1)

1 +4.11893/0.97473%(1.-(AGE1/AGE2))
: 40.01293/0.97473*SITE*(1.~(AGE1/AGE2) )
IF(TTHINS.EQ.2)BA3= (AGET/AGEZ)*ALOG(BAT)
: +5.84476/0.98858%*(1.-(AGE1/AGE2))
: +0.00018/0.98858*S ITE¥( 1, ~( AGE1/AGE2) )
BA=EXP(BA3 )
IF{TTHINS.GT.0)NT=NT1
IF{TTHINS.EQ.0)CALL TREES(AGEZ2,BA,SITE, TTHINS, NT)

110- D2AVG=BA/(0.00545L154%*NT)

TOOO0O 0000000

[eX2 Yo NeYe]

120
130

OOOO00

o0

COMPUTE AVERAGE HEIGHT OF THE DOMINANTS AND CODOMINANTS
FROM THE SITE INDEX EQUATION OF BECK(1975)

HDOM=EXP(ALOG(SITE) + 21.08707*((1./50)-(1./AGE2)))

COMPUTE AVERAGE DIAMETER, DAVG, BY PREDICTING
LN(VARIANCE OF DIAMETER) AND SOLVING FOR DAVG

IF(TTHINS.EQ.O)
: ALDVAR=-13.408240 + 0.u452133*ALOG(BA)+3.059782*AL0OG( HDOM)
= 0.206638*AGE2#NT/10000
IF(TTHINS EQ.T.0R, TTHINS.EQ.2)
: ALDVAR—-S 201644 + 0.807731*#ALOG(BA) + 0.723825*AL0G(HDOM)
= 0.335597*AGE2#NT /10000
DAVG-(DZAVG-EXP(ALDVAR))**0 5

COMPUTE THE MINIMUM DIAMETER CLASS

IF(TTHINS.EQ.1.0R. TTHINS. EQ.2)G0 TO 120

DMIN=5.0

GO TO 130

_DMIN=EXP(1.194388 + 0.05637U%( (BA/(NT*0.005454154) )**0.5)
+ 3.040222/(NT*#*0.5) - 394.072189/(AGE2#HDOM) )

IF(DEIN LE.5.0)0MIN=5.0

RETURN

END

COMPUTE TOTAL TREE HEIGHTS

FUNCTION TREEHT(DBH)

COMMON/AREAZ/HTCON DMAX, HDOM

TREEHT=HDOM/EXP(~0 109675 + ({1./0BH)=(1./DMAX) }*HTCON)
RETURN

END

YPOQ7820
YPO07830
YPOO7840:
YP0OQ7850
YPOO7860
YPOO7870
YPO07880
YP007890
YPO0O7900
YP0O07910
YP007920
YPO07930
YPOO7940
YPDO7950
YP0Q7960

- YPOQ7970

¥P007980
YPO0O7990
YP0O08000
YPO08010
YP008020
YPO08030
YPOO&040
YP008050
YPO08060
YPQ08Q70
YPG08080
YPO08090

»YPOO8100
“YPOO8110

YP008120
YP008130
YPOO8 140
YPO08150
YPOG8160

- ¥YPOD8170

YP008180
YPOOB190
YPQ08200
YP008219
YP008220
YP0O08230
YP0OO8240
YPO08250
YPOO&260
YP0O08270
YPOO&280
YP008290
YP008300
YP00831Q
YP0O08320
YP008330
YPOOB340
YP0O08350
YP008360
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YP0O08380
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YPOO8400
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100

110

[eXeXe]

QOO0 N00NOONONOAOOOOO0

YPO08500
REMOVE BASAL AREA AND TREES PER ACRE FROM EACH DIAMETER CLASS YP0O08510
YP008520
SUBROUTINE BACL(D2AVG, |,DCL,BCL, PROP,RNT, RBA, BAR, RNTR, RRBA, TBREM, YP008530Q
t KKK, 1J,08BCL, TTHINS) YPOO8540
DIMENSION RBA(50),RNT(50),0DCL{50),BCL(50), PROP(50),BAR({50), YPO08550
:+ RNTR(50),0BCL{50) YPQ0OB560
1F{(1J.EQ.0)CO TC 100 YP0O08570
RNTR(1)=0.0 YPO08580
BAR{ {)=0.0 YP0O08590
RBA{ ! )=BGCL(!) YPO086Q0
RNT({ 1 )=DCL( ) YP0O08610
GO TO 110 YPOOB620
D2=DFLOAT{ | }*DFLOAT(I) YP008630
IF{TTHINS.EQ.O)TPROP==0,70406915*( {D2/D2AVG)*#*1,87666308) YPQOB6UO
IF(TTHINS.EQ.1.0R. TTHINS.EQ.2) YPOQ8650
H TPROP=~2,61225530%( { D2/D2AVG) ##2,00626750) YPO0O8660
PRO=EXP( TPROP) YPOOB670
{F(PRO.LT..01)PRO=0.0 YPO0O8680
1F(KKK.EQ.1)BAR1=BCL( ) YPO08690
| F(KKK.EQ.0)BAR1=BCL( | )*PRO YP0OQ8700
BLEFT=RRBA-TBREM YPOO8710
I F(BAR1, LE.BLEFT)BAR( | )=BAR1 YPO08720
I F(BAR1,GT.BLEFT)BAR( | }=BLEFT YPO0OB730
RNTR( 1 )=BAR( 1}/(0.005454154*D2) YPOQ8TUHO
1F{RNTR{ | ).GE.DCL{ I ) )RNTR( | )=DCL(!) YPO08750
RBA( 1 }=BCL( 1 )=BAR( ) YPO08760
IF(RBA(1).LT.0.01)RBA{1)=0.0 YPOD8770
IF(OBCL{1).GT.0)PROP(1)=1, - (RBA(!1)/0BCL{!)) YPOO8780
IF(OBCL{1).EQ.0)PROP(I)=1. YPOO8790
| F{PROP{1).GT.0.99999)BAR( | )=BCL{ 1) YPOOB800
RNT{ 1)=BCL{ I )=RNTR({!) YPOOB810
IF(RBA(1).LT.0.01)RNT{1}=0.0 YP0O08820
IF(RBA{1}.LT,0.01)RNTR( i )=DCL(!) YP0O08830
DCL( 1 )=RNT( 1) YPO0O8840
BCL(1)=RBA( 1) YP0OQ8850
RETURN YPOQ8860
END YP008870
YPO08880
YP008890
YPO0O&900
SUBROUT INE WEIB(X1,X2,LOCA,BL,TL,B,C,X1P,X2P, |ER) YPO08Y10
IMPLICIT REAL*8 (Z) YP0O08920
REAL LOCA YP008930
COMMON/AREA3/ZA,ZB,ZC,ZD1,ZD2 YPOOBUG
YPODBYS0
CALCULATE B AND C PARAMETERS OF THE WEIBULL DISTRIBUTION YPOOB9E0
ACCORDING TO METHOD PRESENTED BY BURK AND BURKHART (1984). YPOD8970
YP0O08980
YPC08990
PURPOSE YPO09000
TO RECOVER THE SHAPE AND SCALE PARAMETERS OF THE WEIBULL YPOO9010
USING THE FIRST AND SECOND NONCENTRAL MOMENTS OF DBH. YPO09020
YP009030
REMARKS YPOQ90QUO
ER=0 YPO09050
SUCCESSFUL SOLUTION OBTAINED WITH NO CHANGES. YPOO9060
1ER=1 YPOQ9Q70
ITERATION DID NOT CONVERGE, X2P IS THE VALUE OF X2 YPOOG080

CORRESPONDING TO THE SOLUTION OBTAINED, THE USER MUST YPOQ9090
DETERMINE IF TH!S 15 CLOSE ENOUGH TO X2 FOR H!S PURPOSES.YP005100
tER=2 YP009110
SOLUTION OBTAINED AFTER PERTUBATING X1. X1 |S PERTUBATED YP0O09120
IN INCREMENTS OF .01 UNTIL A SOLUTION IN THE ALLOWABLE  YPO09130
RANGE IS FOUND. X1P CONTAINS THE PERTUBATED VALUE OF X1. YPQO09140

1ER=3 YPC09150

A SOLUTION IN THE ALLOWABLE RANGE COULD NOT BE FOUND YPO09160

EVEN UPON PERTUBATING X1. YP009170
YPO09180

METHOD YPOO9190
THE SECANT METHOD {S USED FOR ITERATION ON THE SHAPE ¥ PO09200
PARAMETER. YP0O0O9210
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c
C
C

c
10

20
30

FOOO

aooo

70

80

o000

| ER=0
ZA=DBLE( LOCA)
B=0.0

C=0.0
ZD2=DBLE(X2)
X1P=X1
X2P=X2

| FLAG=0

ADJUSTMENT OF X1 IS MADE IF THE LOWER AND UPPER SHAPE VALUES

DO

NOT BRACKET THE SOLUTION: THAT IS, ZFCY 1S A STRICTLY

INCREASING FUNCTION OF THE SHAPE PARAMETER.

[30]

ZD1=DBLE(X1P)
ZXN=DBLE({BL)
ZFXN=ZFCV(ZXN )
IF{ZFXN,LT.0.D0)GO TO 30
|ER=2

IE(1FLAG.EQ.0)GO TO 20

| ER=3

RETURN

X1P=X1P+,01

GO TO 10

ZXN1=DBLE(TL)
ZFXN1=ZFCV(ZXN1)
1F(ZFXN1.GT.,0.D0)GO TO 40
1 ER=2

| FLAG=1

X1P=X1P~-,01

GO TO 10

5 BISECTION !TERATIONS TO GET STARTED

b0 60 J=1,5
ZTEMP=(ZXN+ZXN1)/2.D0
ZFTEMP=ZFCV({ZTEMP)
IF(ZFTEMP*ZFXN.LE.0.DO)GO TO 50
ZXN=ZTEMP

ZFXN=ZFTEMP

GO TO 60

ZXN1=ZTEMP

ZFXN1=ZFTEMP

CONTINUE

BEGIN SECANT ITERATION

DO 70 J=1,100
ZTEMP=ZXN-ZFXN*(ZXN=ZXN1)/{ZFXN=ZFXN1)
ZXN1=ZXN

ZFXN1=ZFXN

ZXN=ZTEMP

ZEXN=ZFCY(ZXN)

| F{DABS({ZFXN).LE.0.00001D0)GO TO 80
CONTINUE

1ER=1

X2P=ZD2~ZFXN

C=ZC

B=Z8
WRITE(10,*)X1,X2,B,C, IER
RETURN

END

DOUBLE PRECISION FUNCTION ZFCV(ZX)
IMPLICIT REAL*8 (Z
COMMON/AREA3/2ZA,ZB,ZC,ZD1,2D2

THIS FUNCTION EVALUATES THE FUNCTION WHOSE ROOT IS DESIRED.

ZC=ZX
ZG1=DGAMMA( 1.D0+1,D0/ZC)
ZG2=DGAMMA( 1.D0+2.00/2C)

YP009220

. YP009230

YPOQ9240
YP009250
YP0OO9260
YP009270
‘YPO09280
YP009290
YPO0N9300
YPO0Q9310
YP009320
¥P0O09330
YPOO9340
YP00Q9350
YP009360
YPO09370
YP009380
YP009390
YPOO9400
YPOO9410
YPOQ9420
YPOO9430
YPOO9440
YPOO9U50
YPOO94U60
YPOO94T0
YPOO9480
YPOQ9490
YPGQ9500
YP009510
YP009520
YP0OQ9530
YPOQ9540
YP009550
YYPO09560
YPQQ9570
YPO09580
YPO09590
YP00Q9600
YP0OQ9610
YPO09620
YPOB9630
YPOQ9640
YP009650
YPO09660
¥YPOQ9670
YP0Q9680
YP0O09690
YPO09700
YPO09710
YP009720
YPOQ9730
YPOQ9740
YP009750
YP0O09760
YP009770
YPO09780
YPQ09790
YP0Q9800
YPO09810
‘YP009820
‘'(P0Q9830
YPCO9840
*YP0O09850
YPOB9860
‘YP0Q9870
YP0O09880
YP0OQ9890
YP009900
YP009910
¥ P009920
YPO09930
YPOO9940
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ZB=(ZD1-ZA)/ZG1
ZFCY=ZD2-ZA*ZA~2,DO*ZA*ZB*ZG1-ZB*ZB*ZG2
RETURN

END

[eXeXoXeX el

FUNCTION BDIST(DBH)
REAL*4 NT

COMMON/AREA1/DAVG, D2AVG, A, B,C
BDIST = 0.0

LOG( (DBH-A)/8B)
) RETURN
GO TO 100

Q)
DBH-A)/B)**C))
45&15U*DBH*DBH*C/B*((DBH-A)/B)**(C 1.0)*xXX

ALO
4.0
=10,
=Ll
.005
RETU
END

NUMERICAL INTEGRATION OF THE FUNCTION VDIST GIVES
CUBIC-FOOT VOLUME IN A SPECIFIED DIAMETER CLASS

OQOO0O0O0

FUNCTION VDIST{DBH)

REAL*4 NT

COMMON/AREA1/DAVG, D2AVG,A,B,C
EXTERNAL TREEHT

VDiIST = 0.0

{DBH=A)/B)

RETURN

) GO TO 100

BH-A)/B)#*C

309+0. 002399*DBH*DBH*TREEHT(DBH))*C/B
(C=1.0)#*XX

*OOO —

FUNCTION GAUS (F,A,B,N)

O 000

D!MENSION C(10),D(10)
EXTERNAL F

DATA C/. 076526521. 92778585 37 37060

: 63605368, . 74633191, .83911697
96397193,.9931286/

DATA  D/.15275339,.14917299,.14209611,.13168864,

: /.11819u53,.10193012,.0832767&2 .062672048,
04060143, .017614007/

$=(B-A)/N/2

T=A+S

G1=0

COMPUTE INTEGRAL FOR EACH SUBINTERVAL

9..510867.
,.91223443,

[eXoXe]

DO 100 J=1,N
P=0

COMPUTE SUMMATION FACTOR FOR EACH SUBINTERVAL

ao0no

DO 200 K=1,
P—P+D(K)*(F(S*C(K)+T)+F(T-S*C(k)))
200 CONTINUE
Gi=G|+P*S
T=T+2%*S
100 CONTINUE
GAUS=GI

RETURN
END
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